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FOREWORD 

Volume II; Weight/Volume Handbook 


The SSSP documentation is presented In two volumes. Volume 
1 contains the basic user’s manual text and all of the simulation input 
and output. Volume I is divided into three parts. Part 1 contains 
the engineering and programming discussion. Part 2 provides the 
program operating instructions and Part 3 describes the program out- 
put and includes all of the appendices for Volume I. Volume I contains 
a compilation of statistical data on previous aircraft, missiles and 
space systems to serve as background information and program Inputs 
to the weight/volume portion of the program. 
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SUMMARY 

Thr Space Shuttle Synthesis ProKram (SSSP) automates the trajectory, weights and 
performance computations essential to predesign of the Space Shuttle system fo: 
e.M th-to-orbit operations. The two-stage Space .-'buttle system is a completely 
., us.,blc space transportation system consisting of a booster and an orbitcr element. 
The ,‘:sSP's major parts are a detailed weight/volume routine, a precision three- 
• llmcnsional trajectory simulation, and the iteration and synthesis logic neces.sary 
lo .satisfy the hardware and trajectory constraints. 

The SSSP is a highly useful tool In conceptual design studies where the 
effects of various trajectory configuration and shuttle subsystem parameters mu.st 
t.e evaluated relatively rapidly and economically. The program furnishes sensitivity 
•Hul tradeoff data for proper selection of configuration and trajectory predesign 
l)aramctcrs. Emphasis is placed upon predesign simplicity ar'J minimum input 
|>reparalion. Characteristic equation.s for deticribing aerodynamic and propulsion 
moiUds and for computing weights and volumes are kept relatively ?imple. The 
sxnthesls program Is designed for a relatively large number of two-stage Space 
Miuttle configurations and mission types, but avoids the complexity of a completely 
generalized computer program that would be unwieldy to use and/or modify. 
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INTRODUCTION 


This document contains the results of the technical effort expended during a study to 
pnivide a weight/volume handbooi; required by Contract NAS-9-11193 "Space Shuttle 
^imthesis Program". Because of the wide range of design parameters, and the many 


possible design solutions in any area of vehicle design, the program equations of nece- 
sity arc required to be in general terms. Although the equation.s are in general terms, 
the inputs arc often the results of ouito extensive study of a specific design application. 


rhi.-> volume also attempts to ensure Unit an input or a procedure for obtaining an input 
is available for every equation containec within the weight and sizing subroutines. 

These inputs are not intended to be absolute but a guide to the magnitude of the input tc 
ensure answers of the right magnitude for the item being considered. I’he ideal input 
will always be obtained when a study of the specific design conditions for the item being 
considered is made, and the results of this study put in terms of the program equation 
input. The program contains equations for separate items or systems and it is the respoT 3 
ibility of the user to select those items which comprise his specific design application. 

Section I of this volume contains the description and input data for the weight equations. 
Section II contains the description and input data for the geometry equations. Section TTT 
contains the description cf terms used in the w-jight/volume subroutine. 
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SECTION I 

DESCRIf'nON AND INPUT 
FOR 

WEIGHT EQUATIONS 
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1. 0 AEROD’i'MAMIC SURFACES 

1, 1 AEH(^I'\'NAMIC surfaces — SPACE SHUTTLE 

1. 1. 1 WING - The winj? weiRht equation, as defined within this study, is based on 
the theoretical a ea ;>jid calculates an installed structural wing weight that includes 
control surfaces :uid carry -through, where applicable. The weight is calculated as a 
fvmetu>n of lo;ui a/id geo met n. 


T\ir V, eight equ itlon in the program for total slructuraJ wing weight is: 


VV'W’ING - C'(l) ♦ 


(wAVAITi*;) • LF ♦ C8PAN * SWlNcj /TROOT 


fo^ 


•• ('(12) • t'(2) * SWING - C(3) 


WWING 

WWA1T<6) 

LF 

eSPAN 

SWING 

TROOT 

C(l) 

C(12) 

C(2) 

C(3) 


lotal Structured Wing Weight, lbs 
Vehicle Entry Weight, lbs 
Ultimate Load Factor 
Structural Span (along .5 chord), ft 
Gross Wing Area, ft^ 

Theoretical Root TTiickness, ft 
Wing Weight Coefficient (Intercept) 

Wing Weight Coefficient (slope) 

Wing Weight Coefficient f(gross wing area), Ibs/ft^ 
Fixed Wing Weight, lbs 


The wing weight coefficients C(l) and C(12) represent the intercept and slope, respectively, 
of the logarithmic data shown in Figure 1. i-1. The data used to derive the empirical 
equation and the coefficients C(l) and C(12) is based on actual wing weights of man y types 
of aircraft. However, the airplane v ings used in tiiis analysis are representative o. 
straight, swept and delta wing designs. 
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For v.ri.d.le oweof, wing deslgos the ™noa. wleg u,p„t term, ehould be beeed c„ the 

foil, ewept poemon. The C(l) ooemclent ehould theo be Inoteeeed by 15-20% to eeoouht 
for the structural penalty for sweeping the wing forward. 

The coefficient C(2) is mulUplled by the gross wing area so the user has an option 
of adding or removing a wing weight penalty on the basic wing calculation. An ex- 
ample would be to add a fixed weight per square foot for thermal protection system 
structure or high temperature resistant coatings, l^is coefficient is initialized at 
zero, so the option Is not exercised unlecs C(2) has an Input value other than zero. 

rhe coefficient C(3) is to Input a fixed weight to the wing calculation. This Input 
mav be positiv, or negative. An example of C(3) usage would be to Input a fixed 
wing weight when wing scaling Is not desired. When C(3) Is used for this purpose 
the coefficient C(l) must be set to zero. The coefficient C(3) Is Initialized at zero 
and will not be used unless a value (-♦“ or -) Is Input, 
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— Tie vej-tical fin weight includes the weight of the control 

surface. The weight may be scaled as a logarithni'o function of fin planform area, as 

a constant function of fin planform area, oi input as a non-scaling fixed weight. The 

equation for vertical fin 

weight is: 

WVEF.T 

C(4) * SVERT *♦ 0(135) + C(2* i • SVERT + C(5) 

WVERT 

Total Vertical Fin Weight, lbs 

SVERT 

Vertical Fin Planform Area, Ft^ 

C(4) 

Vertical Fin Weight Coefficient (Intercept) 

C(135) 

Vertical Fin Wei^t Coefficient (Slope) 

C(24) 

Vertical Fin Weight Coefficient f(Fln Area), Ibs/ft^ 

C(5) 

Fixed Vertical f'in Weight, lbs 


The vertical fin coefficients C(4) and C(135) represent the intercept and slope, respectively, 
of the logarithmic data shown in Figures 1. 1-2 and 1. 1-3 the data in Figure 1. 1-2 is 
representative of vertical fins for straight and swept wing aircraft. The data in Figure 1. 1-3 
is representative of vertical fins for delta wing aircraft. The vertical fin data for delta 
Wing aircraft was separated from the straight and swept wing data in order to correlate the 
input data closer with the existing aircraft data used for substantiation. The user should 
also use caution when Inputting the C(4) and C{135) coefficients in the respect that a straight 
or swept wing design with a short tall arm may have a vertical fin that sizes like a delta. 

The coefficient C(24) may be used to add or remove fin weight penalty on the basic cal- 
culation. An example would be to add a fixed weight per square foot for thermal protection 
system structure or high temperature resistant coatings. This coefficient may also be used 
to scale the fin as a function of unit weight. If 0(24) is used for this purpose the coefficient 
C(4) must be set to zero. The coefficient C(24) is initialized at zero, so this option is not 
6xcrcis6d unless e ve1u6 (+ or — ) is input. 
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The coefficient C(5) is a fixed Input weight to the vertical fin calculation. This input 
amj be positive or negative. The coefficient qS) may also be used to input a fixed 
vertical fin weight when scaling is not desired. When C(5) is used for this purpose the 
coellicients q4) and C{24) must be set to zero. The coefficient qS) Is initialized at 
zero and will not be used unless a value (+ or -) is input. 


• > 
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1.1.3 HORIZONTAL STABILIZER — The horizontal stabilizer weight includes Ihe 
weight of the control surface. The weight may be scaled as a combired funcUon of 
wing loading, stabilizer planform area and dynamic pressure; it may be scaled as a 
constant function of stabilizer planform area; or input as a non-scaling fixed weight. 

The t«tjuation for horizontal stabilizer weight is: 

WHORZ C(6) • (WOVERS •* 1.21 * SHORZ •• 0.814 ♦ Q ** 0.467) ♦♦ C(17»,) 

* C(25) • SHORZ ^ C{7) 

WHOKZ Total Horizontal Stabilizer Weight, lbs 
WO\TRS = Wing Loading, Ibs/ft^ 

SHORZ - Horizontal Stabilizer Planform A rea, ft*" 

Q ^ Maximum Dynamic Pressure, lbs/ft“ 

- Horizontal Stabilizer Weight Coefficient (Intercept) 

C(176) = Horizontal Stabilizer Weight Coefficient (Slope) 

C(25) = Horizontal Stabilizer Weight Coefficient f(StabiIizer area), Ibs/ft^ 

C(7) = Fixed Horizontal Stabilizer Weight, lbs 

The horizontal stabilizer coefficients C(6) and C(176) represent the intercept and slope, 
respectively, of the logarithmic data shown in Figure 1.1-3. The horizontal stabilizer 
weight is directly proportional to A • Therefore, the input value for the coefficient 
C(176) will be 1.0 unless the user desires to change the line slope. 

The coefficient C(25) may be used to add or remove stabUizer wei^t penalty on the basic 
calculation. An example would be to add a fixed wei^t per square foot for thermal pro- 
tection system structure or high temperature resistant coatings. This coeffid ent may 
also be used to scale the stabilizer as a function of unit weight. If C(25) is used for this 
purpose the coefficient C(6) must be set to zero. The coefficient C(25) is initialized at 
zero, so this option is not exercised unless a ’-alue (+ or -) is input. 


10 
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The coefficient C(7) Is a fixed Input weight to the horizontal stabilizer calculation. This 
input may be positive or negative. The coefficient C{7) may also be used to input a fixed 
horizontal stabilizer weight when scaling is not desired. When C{7) is used for this 
purpose the coefficients C(6) and C(25) must be set to zero. The coefficient C(7) is 
initialized at zero and will not be used unless a value (+ or -) is Input. 
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1.1.4 fAIBIMGS. SHROUDS AND ASSOCIATED STnuCTUDE - The type of aero- 
dynamic .tmctnree Included in thl. eectlon are aerodynamic ehn.uds, equipment, 
doreal. landing gear and canopy falrlnga. llm canopy fairing ie u,e etruclure aft „t the 
canopy Uutt le required m lalr the canopy to Uie body. The weight ol .he canopy proper 
le mcluded in Secuen 2.2. Wing m body lalrtngs arc Included in U.e wing weghts. 

Horizontal or vertical eurlace m body falrlnga are included in cilher the horizontal or 
vertical surface weight. 


Fairing and shroud weight may be determined from their surface 
environment and is given in the program as: 


area and the operating 


WFAIR = C(8) ♦ SFAIR + C(9) 

WFAIR = Total Weight of Fairings or Shrouds, lbs 
SFAIR = Total Fairing or Shroud Surface Area, ft^ 
C(8) = Unit Weight of Fairing or Shroud, Ib/ft^ 
C(9) = Fixed Weight of Fairing or Shroud, lbs 


A. moirt of the fairings are design snd mission dependent and only one Input coefficient 

C(8) le used to cover many types of falrlnga, some Judgment is required to determine t 
value of this coefficient. 


If the design lomis mul the fairing geometry 1. known, the weight in Ibs/ft^ l.e. , the 
eoeaidont qs) can obviouely be beet found by calculaUon. Ie meet cases, however 
emplrtcsl or statisUed data has h> be used. The eeeffielent C(8, can be found by mdt.p,v.„, 
the empirlod unit weight WF by a factor -o account for dynamic pressures dillcronl IM... 


that used to determine the empirical wel^t and then multiplying by a tactor to account for 
temperature differences. Then C(8) can be determined by; 

qS) = WF . KQ • KT 
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The factor KQ Is shown plotted against dynamic pressure In Figure 1. IrS. This factor 
is 1.0 at a dynamic pressure of 400 Ibs/ft^. The factor KT Is shown plotted versus 
temperature in Figure 1.1-6 The factor is 1.0 at a temperature of 400°F. 

The unit weight of typical fairings WF is shown in Table 1. 1. 1. These unit weights have 

been normalized to a Q of 400 Ibs/ft^ and 400°F. In addition, this table shows a 

recommended C(8) input for different types of fairings at a Q of 1000 Ibs/ft^ and a tem- 
0 

perature of 800 F. 

The coefficient C(9) is used fer those portions of the fairings that have weight not 
dependent on fairing sizing or It may be used either as a contingency or for a fixed input 
welgjit for the fairings. 


Table 1. 1.1. Typical Fairing Weights. 


Fairing Type 

WF at Q = 400 Ibs/ft^ 
and T = 400°F 

C(8) at Q = 1000 Ibs/ft^ 
and T = 800°F 

Aerodynamic Shroud 

4.80 

6.6 

Canopy Fairing 

4.00 

5.5 

Equipment Fairing 

1.50 

2.06 

Dorsal Fairing 

2.00 

2.75 

Cable Fairing 

1.60 

2.06 

Landing Gear Fairing 

2.00 

2.75 


The total weight of the aerodynamic surface gnroup is summed by the equation: 


WSURF - WWTNG + W'/ERT + WHORZ + WFAIR 




'•?:-^ij^,’r 'r::ij2i’ol ;; 300' ^4C0l ‘ '500* t ‘6 

• •> ,• - -.u. . ..i., ^ i. i i j 

•: : i ;' 1 . ■}:. '.•• . 

;. ■ .in!!j;i;-^^;;..’ ; ' ■ dynamic pressure (LBS/FT") r , 


700U ■ 800' 




Flj^re 1.1-5 
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2 . 0 BODY STRU CTURE 

2 . 1 BODY STRUCTTURE - SPACE SHUTTLE 

1. . mTEGRAL FUEL TANKS - The letesr,. ,„e. Ueh, ere eieed ae a funcUon of 
total unk volunie, deluding ullage and reeldual ™i„e.e. n«, tape, ceeftloienta are baaed 

OU h.atorical data fn>m AUaa, Centaur and Satan, .ehlclea. The equation for tatagral 

fuel lank weight Is: 


VVTNFUT 


C(10) * VFUTK + C(ll) 


WINFUT - WeigR of Integral Fuel Tank, lbs 

VFUTK = Total Volume of Fuel Tank, ft^ 

= Integral Fuel Tank Weight Coefficient, Ibs/ft^ 

Integral Fuel Tank Weight, lbs 

input data la provided for LH^ and RP-, fuel tanka, -me equation for tatagral fuel tank 
weight la the eame lor both types of fuel, flio dlfterenoe in weight la accounted lor by 
the input coefflclenta C(10) and C(ll). Il.e ooeaiclent qio) repreaenta that porUon of 
the tank weight Uutt la acaled with atae and qil) la a fixed ta.nk weight Input. The u.put 
value for C(10) wlta LHj fuel la obtained from Figure 2.1-1. The Input value for qio, 
with RP-l fuel la obtained from Flguie 2.1-2. The value of qio) ahown on Flgurea 2 . 1 -, 
and 2. 1-2 does not tadode weight penalUea lor apeetal bulkheads (wing, landtag gear, etc ) 
U thla weight penalU, la required, the uaer may modify the C(l(» ooelflcient to acoouii. for 
It or be may Inooiporate It Into the fixed weight ooefflclenl C(ll). 

The hioken line on f Igurea 2. 1-1 and 2. 1-2 la repreaentatlve of Saturn technology. The 
.olid Itaea, from which tee C(10) Input «lue. are obtained, are repreaentatlve of oirtant 
Space Shuttle dealgn criteria. The prlmaq difference. In the .tape of the line, are due to 
(1) the current fracture mechanic, utlllxed In deelgntog Space Shuttle vehicle, tor multiple 
landtag capability; and (2) Inorcaaod bending momenta during up-night maneuvers resulting 
Irom a piggj -back orbltcrAooater arrangement. 
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The coefficient C(ll) is the fixed weight input to the fuel tank caJculaUon. This 
coefficient may be positive or negaUve. An example of a C(ll) input would be to 
add a fixed weight penalty to the fuel tank calculation for special bulkheads (wing, 
landing gear, etc.). The coefficient C(ll) may also be used to input a fixed integral 
fuel tank weight when scaling is not desired. When C(li) is used for this purpose the 
coefficient C(10) must be set to zero. The coefficient C(il) is initialized at zero and 
will be used unless a value (+ or -) is input. 
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2. 1.2 INTEGRAL OXIDIZER TANKS - totegral oxidizer taeke ere sized 
e funcUon of total tank volame, iaeluding ullage aad residual volutue. The input 
coefficieuto are ha«xl on hletorioal date from the Atlae and Saturn .ehieles. The 
equation for integral oxidizer tank weight ib: 


WINQXT 

C(138) * VOXTK + C(139) 

WINQXT 

Weight of Integral Oxidizer Tank, lbs 

VOXTK 

Total Volume of Oxidizer Tank, ft^ 

C(138) 

Integral Oxidizer Tank Weight Cbefficient, Ibs/ft' 

C(139) 

Fixed Integral Oxidizer Tank Weight, lbs 


The coefficient C,138) represent, that portion of the tank that is scaled with size and C(UO) 

.a a fined tank weight input. The input value for the coemcient qi38) is obtained f„„ 
Figure 2. 1-3. 

The broken line on Figure 2. 1-3 is repreaentatlve of SaUtm technology. The solid line 
from which the C(138) input value 1. obtained, is representative of current Space Shuttle 
design criteria. The elope of the solid line is less since the LOj tank does not have to 
absorb the high anlal loads due to in-line upper stages, the anlal thrust durtng up-night 
is Umlted to 3g and the tank is designed for a lower flight pressure. n,e Space Shuttle is 
designed for recoverabUity and a piggy-back second stage arrangement. However, the 
major portion of these load penalties are absorbed in the fuel tank weight. 

The ooefficlent C,i39) is a fixed input weight to the integral oxidizer tank calculation. This 
input may be positive or negative. n.e coefficient C(139) may also be used to input a fixed 
integral oxidizer tank weight when scaling is not desired. When C(139) is used for this 

purpose the coefficient C(I3Si must be set to zero. The coeffieient C(I39) is initialized at 
zero and wlU not be used unless a value (+ or -) is input. 
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2.1.3 BA^C BOBV STRUCTURE - T1.e baAlc body weigh, bie.udee U.e e.„.e.„ee 
lomard. af. ,„-beb. eed Uie totegral table on and mtegrel tank dealgn and 1, includea 
uie basic ehell weight on a n„„-a.ructural hudt dealgn. The basic body weight does no. 

inclode Uie secondary s.nichire (access doors. bon-s.n,ctural fairings, nmnels, etc.) 
or the thrust structure weight. 


Based on the data shown In Table 2. 1 . 1 , tte basic body weight may vary l„m 2. 23 to 
5.-15 Ib3/f.2 wlU, the nominal being about 4.0 Ibs/lt^. However, the basic body weight 
eq.ia.,o„ 1 . a function of mml body we«ed area which Includes Oie integral tenk cylinder 
areas. Therefore, on an Integral tank design, the unit weight must be adjusted oy a 
wetted area ratio. The calculation of C(13) ia: 


C{13) 

4.0 ♦ fXstol Body Wetted Area - Int^f^rtai Tank Cylinder Areni, 
\ Total Body Wetted Area J 

If the vehicle does not have Integral tenks tee raUo wlU be 1.0 and C(13) - 4.0. The user 

also has tee option of inputting a value of qi3) from the data m Table 2. 1. 1 teat best 
fits a specific design condition. 

The equation for basic body structure weight Is: 

WBASIC 

C(13) ♦ SBODY + C(14) * VBODY + C(15) 

WBASIC = 

Total Weight of Basic Body, lbs 

SBODY 

Total Body Wetted Area, ft^ 

VBODY 

Total Body Volume, ft^ 

C(13) 

Basic Body Wei^t Coefficient f(Area), Ibs/ft^ 

C(14) 

Basic Body Weight Coefficient f( Volume) , Ibs/ft^ 

C(15) 

Fixed Basic Body Weight, lbs 
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Tkble 2.1. l. Body Unit Weight Data. 
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Tho bwlc body weight equation le progrumned to aooept « coeSlolont Input u a (unction 
of wetted area or volume. Hie ooeaiclent C(13) le a function of area and U derived as 
prertouely deecrlbed or Input from Table 2. 1. 1 . Tie eoeftlcleut C(14) le a function of 

volume, rule portion of He equattou le Included for future eaivuelon only and Input data 
haa not been derived for tbls report. 

The ooefflclent C(15) In a fixed Inixit weight to the basic body weight calculation. The input 
may be poeitive or negative. An example would be to add a fixed weight to body structure 

for special Iwlkheads (wing, landing gear, fin, stabilizer, etc.). The coefficient C(l5) 
may also be used to Input a fixed basic body weight when scaling is not desired. When 
C(15) is used for this purpose the ooeffidents qi3) and C(14) must be set to zero. The 

coefficients qi4) and C(16) are initialized at zero and will not be used unless a value 
(+ or -) is input. 
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2. 1.4 SECONDARY STRUCTURE - The secondary structure includes access 
doors, non-structural fairings, cockplt-to-payload bay tunnel, etc. Fne secondary 
structure is minimal for the Space Shuttle design since most of the major penalties 
are incorporated into the integral tank and basic body weights. The equation for 
secondary structure weight is: 


= C(23) * SBODY + C{169) 

= Total Weight of Body Secondary Structure, lbs 
^ Total Body Wetted Area, ft^ 

Secondary Structure Weight Coefficient, Ibs/ft" 

= Fixed Secondary Structure Wei^t, lbs 

The weight coefficient C(23) is used to scale the secondary structure weight as a function 
of body wetted area. When possible the coefficient should be derived from design data. 
However, during the early phase of a study this Is not always practical. A first cut value 
of 0. 10 to 0.20 may be used for C(23) until design data is available. 

The coefficient C(139) is a fixed input weight to the secondary structure calculation. This 
input may be positive or negative. An example of this coefficient would be to input a fixed 
weight for the cockpit*to -payload bay tunnel, crew catwalks and ladder or any secondary 
item that does not scale with size. The coefficient C(169) may also be used to input a fLxcd 
secondary structure weight when scaling is not desired. When C(169) is used for this 
purpose the coefficient C<23) must be set to zero. The coefficient C(169) is inlttalired at 
zero and will not be used unless a value (■*■ or -) is input. 


W'SECST 

WSECST 

SBODY 

C(23) 

C(169) 
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2. .,5 THRUST STRUC-n..RE- T^e welgR. of .Se 

f>moU<» of total toruat and Includes the attachtoeat stntctore and thrust beams but does not 
Include the aft skirt. The equation for total stage vacuum thrust is: 


TTOT 


TTOT 

CTHHST 

WWAIT(2) 

NENGS 

C(129) 


CTHHST * WW'AIT'Z) + qi29) * NENGS 

Total Stage Vacuum TTinist, lbs 
Vacuum Thrust to Take-Off Weight Ratio 
Take-off Wel^t, lbs 
Total Number of Engines Per Stage 
Fixed Main Thrust Per Engine 


The method used and the inputs required to calculate the total stage vacuum thrust 
(TTOT) depends on the program option being used for any given configuraUon. These 
oplmns and the input requirements (CTHHST or C(129); are discussed in the basic 
synthesis options, Section 2.3.2. Volume 1 of the user's manual. 

The equation for thrust structure weight is: 

= C(168) ♦ TTOT + C(163) 


WTHRST 

TTOT 

C(168) 

C(163) 


Total Welgjit of Thrunr S.ructure, lbs 
Total Stage Vacuum Thrust, lbs 
Thrust Structure -.Veis^it Coefficient 
Fixed Thrust Structure Weigjit, lbs 


Th. weight oo«ffl-mt C(I68) 1, need to ncale the thnmt ntmctore « . fm,otlon of total 
stnge thnmt. When apeelflc dealgn data to not available, a typical preliminary design 
value of qi68) . 0.004 »U1 provide a reallaUc tbruet ntnieturo weight. The data shown 
in Table 2. 1.2 reflecto the Satoro vehicle throat etrootnro data ae weU aa tha ratio of 
throm rtrocture weight to total throat. The weight of the oalcnlated throat atrocturo and 

the data shown In Table 2.1.2 does not Include weight for the aft skirt. The aft skirt 
weight is included is basic body. 
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The coefficient C(163) is a fixe.’ input weight to the thrust structure calculation. This input 
may be positive or negative. The coefficiert C(163) may also be used to input a fixed 
thrust structure wei^t when scaling is not desired. When C(163) is used for this purpose, 
the coefficient C{168) must be set to zero. The coefficient C(163) is initialized at zero 
and wili not be used unless a value (+ or -) is input. 


lable 2.1.2. Thrust Structure Data. 


V'ehicie 

Diameter 

No, of Engines 

Thrust Structure Wt. 

Total 

Thrust 

Thrust 
Struc. Wt. 

Total Thrust 

S-I 

21.65 

8 

11,100 

1,504,000 

0.00738 

S-IB 

21.65 

8 

9,780 

1,504,000 

0.00650 

S-IC 

33.0 

5 

1 28,477 . 

7,500,000 

0.00380 

s-.a 

33.0 

1 5 

7,302 

1,000,000 

0.00730 

S-IV 

18.0 

6 

400 

90,000 

0,00444 

S-IVB 

21.65 

1 

508 

200,000 

0.00254 


The total weight of body group Is summed by the equation: 


WBODY - WINFUT + WINOXT + WBASIC + WSECST + WTHRST 
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' 3,0 ^^^UCED ENVIRONMENT PROTECTION 

3. 1 INDUCED ENVIRONMENT PROTECTION - The e,eaUo„ Inputs lor a specUlc 
design concept are .ormaUy obtained by a thermal analysis involving aU of the pertinent 
parameters wllh the results ot the rnialysls being In terms of the required program mput. 
This method should be used when specific design conditions are known, as it yields the 
most accurate results accounting lor all the features of a particular design that arc 
.mpoeslble with a generalized case. However, when detailed knowledge of a design is not 
available, generalized data is given based upon the results of prior design studies. 

The data presented is of necessity simplified for use In a generalized weight/sizing pn>- 
gram. The results are no: intended to repUcc a thermid analysis which must take into 
account many more variables than can be accounted for In a program of this nature. The 
result, obtained tor this area of design 1. dependent upon Judgment used in malting the 

input which requires a knowledge of vehicle surface temperature, type ot support stnic- 
ture and type of panel construction, 

A radlaUve protection system to hold structural lemperatures within acceptable limits 
is the type of vehicle thermal protecUon system considered for this study. This system 
utilizes radiauve cover panels with or without InsulaUon. If insulation is used it assumes 
that the stnictural temperature is held to approximately 200°F. The insulation must then 
be protected from the flight conditions by radiative cover panels. The equation for the 


insulation weight is: 


WINSUL 

C(180) * STPS (1) + C(26) 

WINSUL 

Total Weigjit of TPS Insulation, lbs 

STPS(l) 

Total TPS Surface Area, ft^ 

C(180) 

Insulation Unit Weij^it, Ibs/ft^ 

C(26) 

Fixed Insulation Weight, lbs 
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The coefficient C(180) is an insulation unit weight that may be obtained as a funcUon of 
surface temperature from Figure 3. 1-1. The user must estimate the surface tem- 
perature that wUl be encountered on the initial case in order to input the coefficlm t 
C(180) and then adjust the input on foUowlng nms if the initial estimate is too far off. 

The data shown in Figure 3. 1-1 is based on microquartz insulation for a 1/2 hour time 
duration. The three curves represent allowable heating rates of 100. 400 and 700 Btu/ft~ 
with the structural temperature being held to approximately 200^F. 

The user may select different combinations of area to be covered by insulaUon dependmg 
on what ITPS flag value is set. The ITPS flag value and area is shown in Table 14. i. 2. 
Section 14. 1.3 of this report. However, if an area is selected the program utilizes that 
total area. If. for example, the ITPS flag is set at 2 the area used for insulation weight 
will be total body wetted area. If only a percentage of the body is actually covered by 

insulation, the input coefficient C(180) must be modified by that percentage value to 
account for the wei^t. 

The coefficient C(26) is a fixed input weight to the insulation calculation. This input may 
be positive or negative. A typical example on the use of this coefficient would be to add 
a fixed insulaUon weight for localized hot spots. The coefficient C(26) may also be used 
to input a fixed insulation weight when scaling is not desired. When C{26) is used for 
this purpose the coefficient C(180) must be set to zero. The coefficients C(i80) and C(26) 
are both initialized at zero and will not be used unless a value {+ or -) is input. 

The orbiter vehicle will normaUy require insulation and the booster vehicle will not. U7,en 
the design concept utilizes insulation panels to hold the structural temperature within 
acceptable limits, the Insulation must be protected from flight conditions. This protection 
is provided by cover panels. The equation for the cover panel weight is: 

WOOVER = C(181) ♦ STPS(l) + C(27) 
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WCX)VER 

STPS(l) 

C(181) 

C(27) 


Total Weight of TPS Cover Panels, lbs 
Total TPS Surface Area, ft^ 

Cover Panel Unit Weight, Ibs/ft^ 

Fixed Cover Panel Weight, Iba 


The cover panels that have been used in recent studies have varied greatly in design 
features and niaterials. The generalized equation used in this program must be input 
from pomt design data if a specific design is to be properly represented. Unfortunately, 
a detail design la not always available during the early phases of a study. Therefore, a 
range of input values are included to provide the user with a weight that will be representa- 
tive of the cover panel designs used in recent studies. 

The orblter will vary from C(181) = 0. 9 to 1.8. This assumes the orbiter has insulation 
in conjunction wltli the cover panel weight. The lower value is representative of a low 
cross range orbiter with efficient attachment capabUlty and the hi^er value is a hi^ 
cross range orbiter requiring deep frames or standoff's for attachment. The values are 
average unit weights to be used with the total area. These inputs also assume the aero- 
dynamic surfaces have the same average unit weight for TPS as the body when the sui-face 
requires protection. 

The booster wUl vary from C(181) = 1.5 to 2.25. This assumes the booster does not 
have insulaUon panels. The primary factor contributing to the input coefficient differences 

is the type of support structure required. The values shown are average unit weights to 
be used with the total area. 

The coefficient C(27) is a fixed input weight to the cover panel calculation. This input may 
be positive or negative. This coefficient may also be used to input a fixed cover panel 
weight when scaling is not desired. When C(27) is used for this purpose the coefficient 
C(181) must be set to zero. Both coefficients are initialized at zero and will not be used 
unless a value (+ or -) is input. 

The total weight of induced environment prDtectlon is summed by the equation: 

WTPS = WINSUL + WOOVER 
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4.0 LAUNCH AND RECOVERY 

4. 1 LAUNCH AND RECOVERY - SPACE SHUTTLE 

4. 1. 1 LAUNCH GEAR - The launch gear equation is used for the support stnicture 
and devices associated with supporting the vehicle during the launch sequence. This 
includes struts, pads, sequencing devices, controls, etc. The equation for launch gear is 


WLANCH 

C(143) ♦ WTO + C(144) 

WLANCH 

Total Weight of Launch Gear, lbs 

WTO 

Take-off Weight, lbs 

C(143) 

Launch Gear Weig^it Coefficient 

C(144) 

Fixed Launch Gear Weight, lbs 


The input coefficient C(143) is a proportion of the computed take-^ff weight. A typical 
value, for preliminary design purposes, would be C(143) = 0.0001. 

The ooetfldent qiM) le a Ilxed inpet weight to the Uench gear caleulauon. This input 
may he poalUve or negaUve. Tlile ooefflclent may also bo need to input a fined launch 
gear weight when acaling 1. not deelred. When C(144) in need tor this purpoae the ooettlcient 
C(143) muet bo set to aero. The coeftlclent qi44) la initialized at zero and will not be 
used unless a value (+ or -) is input. 

4. 1. 2 LANDING GEAR — The landing gear equation has been developed from data 
correlation of existing aircraft. TWs data included the nose gear, main gear and controls. 
The equaUon for calculating landing gear (including controls) is: 


WLG 

C(30) ♦ WWAIT (7) ♦♦ C(182) + ^31) 

WLQ 

Total Weight of Landing Gear and Controls, lbs 

WWAIT(7) = 

Maximum Landing Wel^t, lbs 

C(30) 

Landing Gear Wei^t Coefficient (Intercept) 

C(1B2) 

Landing Gear Welg^it Coefficient (Slope) 

C(31) 

Fixed Landing Gear Weight, lbs 
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The landing gear weight ooefficienta C(30) and qi82) represent the Intercept and slope, 
respectively, of the logarithmic data shown in Figure 4. l-i. The data used in deriving 
the C(30) and C(182) coeffldents in Figure 4.1-1 !s based on conventional aircraft. If 
landing gear weight reduction methods are used on a Space Shuttle design due to the 
reduced number of landing (beryllum brakes, thinner brake shoes, reduced tire treads, 
eic.) then the q30) input coefficient should be modified in accordance with that philosophy. 

.he coefficient C(3l) is a fixed input weight to the landing gear calculation. This input 
may be positive or negative. This coefficient may also be used to input a fixed landing 
gear weight when scaling is not desired. When C(31) is used for this purpose, the coef- 
ficients C{30) and C(142) must be set to zero. The coefficient C(31) is Initialized at zero 
and wUl net be used unless a value (+ or -) is input. 

4.1.3 deployable AERODYNAMIC DEVICES - Tae deployable aerodynamic devices 
include such items as drag chutes, etc. . that may be used for assistance at entry or 
landing. The equation for deployable aerodynamic device system weight is: 


WDPLOY 

C(145) * WWAIT(7) + (*(146) 

WDPLOY 
WWAIT(7) = 
C(145) 

C(146) 

Weight of Deployable Aerodynamic Devices, lbs 
Landing Wei^t, lbs 

Deployable Aerodynamic Devices Weight Cbefficient 
Fixed Deployable Aerodynamic Devices Weight, lbs 


The coefficient C(145) is used to scale the deployable aerodynamic devices system weight 
as a function of landing weight. If parachutes are used a typical Input value for this type 
vehicle is C(145) =0.002 per parachute. 
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The coefficient qi46) Is a fixed input weight to the deployable aen>dynainlc device 
system calculation. This input may be positive or negaUve. This coefficient n^y 
also be used to input a fixed deployable aerodynamic device system weight when 
scaling is not desired. When C(146) is used for this purpose the coefficient C(145) must 

be set to zero. The coefficients C(145) and qi46) are both initialized at zero and w-Ul 
not be used unless a value (+ or -) is input. 

4.1.4 DOCKING STRUCTURE — The docking structure is weight penalty associated with 
the orblter stage for orbital docking requirements. The equation for docking structure is: 


WDOCK 

C(147) ♦ WWAITfS) 4 - qi48) 

WDOCK 

Weight of Docking Structure, !bs 

U1VAIT(5) 

Initial Entry Weight, lbs 

C(147) 

Docking Structure Weight Coefficient 

C(148) 

Fixed Docking Structure Wel^,:, lbs 


The coefficient C(147) is used to scale the docking structure weight as a funcUon of initial 
entry weight. A typical C{147) input will vary from 0.0015 to 0.0025 depending on the 
specific design requirements. 

The coefficient C(148) is a fixed input weight to the dodcing structure calculation. This 
input may be positive or negative. This coefficient may also be used to input a fixed 
docking structure weight when scaling is not desired. When C<148) is used for this purpose 
the coefficient qi48) must be set to zero. The coefficients qi47) and C(148) are both 
initialized at zero and will not bo used unless a value or -) is input. 

The total weight of the launch and recovery system is summed by the equation: 

WLRD = WLANCH + W1.G + WDPLOY + WDOCK 
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5.0 MAIN PROPULSION 

5. 1 MAIN PROPULSION - SPACE SHUTTLE 

5.1.1 ENGINES - The engines considered In this slady are the main engines as»d to 
Pif nel the vehicle during the main Night phases, the secondary engines used for orbit 
maneuvering and de^rblt maneuvers and the flyback engines used for flyback and landing. 

Hie main rocket engines may be scaled as a funcUon of total sUge thrust, as a combination 
ol total stage thrust and area ratio or input as a fixed weight per engine. Data is ptovided 
for either LOj/LHj or LO^/RP-i engines. The equation for rocket engine weight is; 


WENGS 


C{32) ♦ TTOT + C(219) * TTOT ♦ C(22C) ♦♦ C(22l) 
+ C(33) ♦ NENGS + WENGMT 


WENGS 
TTOT 
NENGS 
WENGMT = 
C(32) 

C(219) 

C(220) 

C(22l) 

C(33) 


Total Wei^t of Rocket Engine Installation, lbs 
Total Stage Vacuum Thrust, Ib.-^ 

Total Number of Engines per Stagu 
Weight of Engine Attachment Hardware, lbs 
Rocket Engine Weight Coefficient f(Thrust) 

Rocket Engine Weight Coefficient f(Thrust and Area Ratio) 
Rocket Engine A rea Ratio 

Rocket Engine Area Ratio Exponent 
Fixed Rocket Engine Weight, lbs 


The Space Shuttle LO 2 /LH 2 engines are advanced teohnelogy stage combustion engines 
that are sail In a development phase. Various engine manufacturers have predicted a 


Wide nmge of weight for these engines. Whenever possible, the user should utUiae current 
derign engine data from lie engine manulacturors design studies. However if specific 


engine design data Is not available, or 11 the user desire, to rubberize the engines fo 

scaling purposes, the foUowtng input data wiu scale the LO^/Ul engines within an 
acceptable weight range. 
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The first part of the equaUon ecales the beelc eegtoe ae a funetion of thniat. A typical 
Input value for this portion of engine weight Is C(31i) = 0.00766. The second part of the 
equation adds a penalty weight to the basic engine to account for differences m area ratio. 
Typical Input values for this porUon of the equation are C(219) = 0.00033. C(220) . 
desired area rattc and C(221) . 0.5. T7.e third part of the equation Is for the toed weight 
portion of the engine. A typical Input value Is C(33) = 700. The term WENGMT is the 

we.ght of engine attachment hardware. This calculation la done by a separate equaaoa 
and Is discsussed in Section 5, 1.2. 


A graphical representation is shown in Figure 5. 1-1 of engine weight versus vacuum thrust 
tor different area ratios. These curves were developed using the typical input values for 
C(32). C{219). C(221) and C(33). The coefficient C(220) varies from 35 to 150. ITie data 
presented in Figure 5. 1-1 is weight and thrust per engine and does not include allowances 
for engine to thrust structure attachment hardware or gimbal system weight. The gimbal 
system weight equatior is presented in Section 6. 1. 1. 


When LO^/RP-i engines are used for main thrust, the coefficients C(219), C(220) and C(221) 
should be set to zero so the engines may be sized as a function of total stage tliiust or 
input as a fixed weight, lire data shown in Figure 5. 1-2 is representaUve of various pro- 
duction type LO^/RP-l type engines. A typical input value for 0/32) = 0.0106. The Input 
coefficient ^32). for LO^/IlP-l engines, represents the nominal engine welght-to-thrust 
ratio. The data in Figure 5. 1-2 is based on single engine thrust levels and does not 
include allowances for engine to thrust structure attachment hardware or gimbal system 
weight. The gimbal system weight equation is presented in Section 6. 1. 1. 

The coefficient C(33) is used to input the fixed engine weight that does not scale with size. 
This coefficient may also be used to input a fixed rocket engine weight when scaling is not 
desired. When C(33; is used for this purpose It must be input as a weight per engine value 
and the coefficients C(32), C(219) and C(220) must aU be set to zero. The coefficient C(22l) 
may remain at 0. 5 or set to any value greater than zero. All r - coefficients (C(32) , C(33) 

C(2ig). q220) and C(221)) are initialized at zero and will not be used unless a value (- or -) 

In input. 
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The secondary rocket engines have been associated with orbital transfer, retro thrust, 
major maneuvers and de-orbit maneuvers. The secondary rocket engines may be 

scaled as a function of 

secondary engine thrust or input as a fixed wei^t. The equation 

for secondary rocket thrust is: 

TTOT2 

U'WAIT(5) ♦ CTH?T2 + C(158) 

TTOT2 

Total Secondary Engine Vacuum Thrust, lbs 

W'W’AIT(E) -= 

Initial Entry Weight, lbs 

CTHST2 

Secondary Propulsion T/W Ratio 

C(158) 

Fixed Secondary Thrust, lbs 


The secondary engine thrust may be computed as a function of the initial entry weight by 
inputting the desired thrust-to-weight ratio (CTHST2) or it may be input as a fixed thrust 
by inputting C(158) . If CTHST2 is input as a value then the coefficient C<158) should be 
input as zero and vice versa. W'liichever term is used and the value of that term (CTHST2 
or C(158)) is set by the user. 

The equation for secondary rocket engine weight is: 

WENGS2 = C(140) ♦ TTOT2 + C(141) 


WENGS2 

TTOT2 

C(140) 

C(14l) 


Total Weight of Secondary Rocket Engines, lbs 
Total Secondary Engine Vacuum Thrust, lbs 
Secondary Rocket Engine Weight Coefficient 
Fixed Secondary Rocket Engine Wei^t, lbs 


The input coefficient C(140) scales the secondary rocket engine weight as a function of 
total thrust. This input should be based upon the specific application being considered 
using engine manufacturers daU» if available. However, if data is not available, typical 
values of the secondary rocket engine application are C(140) = 0.015 to 0.025. This 

would be representaUve of a typical LO^/LH^ rocket engine with a thrust range from 10,000 
to 40,000 lbs. 


The coefficient C(141) Is a fixed input weight to the secondary rocket engine calculation. 
This input may be positive or negative. This coefficient may also bo used to input a fixed 
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secondanr rocket eoglne we.ght when ecallog le «,t desired. Durlne recent space shettlc 
studies this option has been uOllrod totally since the selection of engines for this applica- 
tion is so Italted. Typical varues for fixed secondary rocket engine weight are C,H„ 

^ 300 to 400 Ibs/engine. When C,141) is used to Input fixed secomiary mcket engine weight 
the coefficient C(140) must be set to aero. The coefficients C(140) and C( 141 ) are both 
initialized at zero and wiu not be used unless a value (+ or -) is input. 


The flyback engines are used for flyback and landing on the booster vehicle and they are 
used for landing only on the orbiter stage. These are airbreathing engines that are 
scaled as a function of initial flyback weight or input as a fixed weight. The equaUon for 
flyback engine weight is: 


WABPR 

C(210) ♦ WWAIT (6) + C(211) 

WABPR 

Weight of Airbreathing Engines for Flyback, lbs 

WWAIT(6) = 

Vehicle Entry Weight (Initial flyback) , lbs 

q210) 

Airbreathing Engine Weight Coefficient 

C(211) 

Fixed Airbreathing Engine Weight, lbs 


The coelflclent C(210) scales the airbreathing engine weight as a function of initial flyback 
weight. The coefficient may be computed from the data shown in Table 5. 1. 1. The engine 
thrust level and number of engines are determined by the user. With this information he 
may then select the best engine for a specific application from the data shown in Table 
5. 1. 1. If scaling Is desired the coefficient C(210) may be computed by dividing the total 
engine weight by the estimated flyback weight. If scaling is not desired, the fixed engine 
weight may be inpwt as C(211) and C(210) set to zero. The coefficients C(210) and 0(211) 
are both initialized at zero and will not be used unless a value (+ or -) is Input. 
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5.1.2 ENGINE MOUNTS - The weight e<,u.Uo. for mal„ rocket engine attactoent. ,s 


WENGMT = 

C(183) ♦ TTOT + C(184) 

WENGMT = 

Weigjit of Engine Mounts, lbs 

TTOT 

Total Stage Vacuum Thrust, lbs 

C{183) 

Engine Mount Weight Coefficient 

C(184) 

Fixed Engine Mount Weight, lbs 


The eapreealon C,182, • TTOT la the weight of the ha,Ow.„ h, «toch U.e enginea to the 
thrust stricture aaaembly. A typical value used m dealgn atudle. la C(183) . O.OOOI. 

The coefficient C(184) la a fixed input weight to the engine mount calculation. Thta Input 

may be poslave or negaOve. Thta Input may alao be used u, input a fixed engine mount 

weight .turn acallug is not desired. When C(184) ,a urntd for bus punxiae the coefficient 

C(183) must be set to sere. Both coefficients are InltiaHaed at aero and will not be used 
unleas a value (+ or -) is input. 
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Table 5.1.1. Airbreathing Engine Data. 


Engine (Manuf.) 

T>T>e 

Thrust (SSL) 

Dry 

Weight 

Remarks 

CF6-50C(Gen, Elect.) 
CF6-6 (Gen. Elect.) 
RB211-22 (Rolls-Royce) 
RB211-56 (Rolls-Royce) 

JT9D-7 (Pratt-Whit.) 

High Bypass 
Ratio 

I Turbofan 
Engines 

51.000 

40.000 
40,600 

52.500 

45.500 

8225 

7450 

6353 

7834 

8370 

Used on series 30 DC-10 

Used on series 10 DC-iO 

Used on Lockheed L-lOll 

Advanced version of 
RB2 11-22 

Used on series 20 DC-iO 
and Boeing 707 

F-lOl 

1 

Moderate 

Bypass 

Ratio 

Turbofan 

Engine 

Classified 

Class. 

USAF BLA uses after 
burner version 

JTF-22 

Low Bypass 
Ratio 
Turbofan 
Engine 

Classified 

Class. 

USN F-14B and USAF 
F-15 uses after burner 
version 
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5. 1.3 NON-STRUCTURAL PROPELLANT TANK 
oxidizer tanka are defined as tanks mounted within 
for non- 8 tructural fuel tank weight is: 


The non-structural fuel and 
a load-carrying shell. The equation 


WFUTK 


C(39) * VFUTK + C(40) 


WFUTK 

VFUTK 

C(39) 

q40) 


Wei^t of Non-structural Fuel Tank, lbs 
Total Volume of Fuel Tank, ft^ 

Fuel Tank Weight Coefficient (Non-Structural), Ibs/ft^ 
Fixed Fuel Tank Weight (Non-StructuraJ), lbs 


The coeHicien. C,39) scajes the h.e. hutk as . ,„„c«oa total tae, 

mah vow. -nte lower ™rve, shown t„ Pt^re =. 1 - 3 , 

luel W configuration. The coefficient C(39, .hcoirt be derived from specific design cal- 
culatlcns. whenever possible. In order to account for variations 1 . mnl, shape and loads 
However, when specUlc design dan. is no. available, a typical Input value Is C, 39 ) , 0 . 3 ,. 
If multiple tanks, double bubble tanks or high fineness ratio tanks ate used the C( 39 ) 

value sh,«ld be scaled up by a confl^ratlon factor of 1 . 1 m 1 . 4 . The eguaUcn for non- 
structural oxidizer tank weight is: 


WaXTK = C(41) ♦ VQXTK + C(42) 


WOXTK 

VQXTK 

C(41) 

C(42) 


Weight of Non-structural Oxidizer Tank, lbs 
Total Volume of Oxidizer Tank, ft^ 

Oxidizer Tank W'elght Coefficient (Non -Structural), Ibs/ft^ 
Fixed Oxidizer Tank Weight (Non-Structural) , lbs 
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The input coefficient C(41) ecales the non-stnictural oxidizer tank as a function of total 

oxidizer tank volume. Thu upper curve, shown in Figure 5.1-3. assumes a single 

cylindrical oxidizer tank configuration. The coefficient C{41) should be drived from 

specific design calculations, whenever possible, in order to account for varlatlona in 

Umk shape and Ion, is. However, when specific design data Is not available, a typical 

input vulue is C(41) . 0.45. If multiple tanks, double bubble tanks or high fineness ratio 

tanks are used the C(41) value should be scaled up by a configuraUon factor of 1.25 to 
1 . 75 . 


The coefficients C(40) and C(42) are used to input fixed weights to the non-structuraJ fuel 
and oxidizer tank calculations, respectively. These inputs may be positive or negaUve. 
rhese inputs may also be used to input a fixed weight for the non-integral tanks when 
scaling is not desired. When the coefficients C(40)and C(42) are used for this purpose 
aie coefficients C(39) and C(41) must be set to ze o. All four coefficients are Inlffalized 
at zero and will not be used unless a value {+ or -) is Input. 
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5.1.4 SECONDARY TANKAGE AND SYSTEM - Th. .eco^Ury UAk.,e .«! 

Includ,, the tmJai. Uuulotlon. proB>urle.Uoo. etc. . ol both Igel ud oKMIier lor orMt 
«gu.ouv.n»g roqulremenu. H,e oqo.Uo„ lor »oco™l.ry luel Unk ..d .y.tem w...dit I. 


WFUTK2 - C(170) * VTUTK2 » C(136) 


WFUTK2 

VTL»TK2 

C(170) 

C(136) 


ToUJ Weight of Secondary Fuel Tank an.l Sywiem, Ibo 
Total Volume of Secondary Fuel Tank, fl^ 

S4-oo.alary Fuel SyaUnn Weight r4H.friciet»t, Ibri/fi * 
fixed Secondary Fuel Syatent Weight, tba 


The coeUlclen. C,170) eade. the ,ecoe.i.ry foci to„h .y.t.„ .. . 

feel hudt volume. Ihput ,tata lor qno) ohoold ho ,A,ui..d from de.l», widy.... Hotveve, . 
for prollmlMry design, a tyMcal vulue would he C|170) • 0.75. The lower curve In 
Flpire 5. 1-4 .bow, the .ecomhiry fuel Untago .mj .y.tem weight . luoeuon ol .erondur, 
fuel tank volume using the typical C(170) input value. 


The equation for secondary oxidizer tank and system weight la: 


WOXTK2 = C(171) • VQXTK2 + C<137) 


WOXTK2 

VOXTK2 

C(171) 

C(137) 


Total Weight of Secondary Oxidizer Tank and System, lbs 
Total Volume of Secondary Oxidizer Tank, Iba 
Secondary OxldUer ^stem Weltht Coefficient. Ibs/ft^ 
Fixed Secoiulary Oxidizer System Weight, Iba 


The coefficient C(171) scales the secondary oxidlzor tank and aystem as s function of 
secondary ooddlzer tank volume. Input daU for C(171) should be obtained from design 
analysis. However, for preliminary design, a typical value would be C<171) - 1.25. The 
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upper curve In Fljure 5. 1-4 show, the eecondanr oxidizer tankage and ayatem »e., 
aa a function of aecoudaty oxidizer tank volume using Uie typical C( 171 ) input value. 

The coefflclenta C(136) and C(137) are fixed Inputs to the secondary fuel and oxidizer 
tanlmgo and system weights, respectively. These inputs may be positive or negative. 
These inputs may also be used to Input fixed secondary fuel and oxidizer tankage and 
system weights when scaling is not desired. When C(136) or C(137) are used lor this 
purpose the coefficients qi70) and C(171) should be set to zero, respectively. All four 
ooefliclentn are initialized at zero .and will not be used unless a value (a or -) is input. 
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5. l.e PROPELI^NT TANK INSULA, TON - R.e neces.ar, 

dau. u. obuua a weigh, penalty aaeooiated wi«. the p„,h,cao„ r«puml to prevent 
excessive bolloff from the niaiji proiiellant tanka. 

Tlie nonnal paraniotars U.at .aRoc, the nciloR h.„lati„„ penalties incinde ianh shape, hanh 
location, vehicle Right trajechity, general shape of the vehicle, tank material and con- 
struction, msulafon dis.ribuUoa aromid the hu ram and ser,„ence that Utnks arc emptied, 
pressure, etc. The interaction of these parameters makes a thermaJ analysis a 

task. The data m Las section assumes that the insulation penalty is adequate to 
cover any reasonable combination of these variables. 

rne baals lor the data this section is Refarence 5. 1.5. 1 . This reference gives the 

re.sult., „t ,t program m nbUi.n the op.tmum thermal proteClon/stmctural combination 

tor typtmt ttguld hydrogen i„el tanks. However, duo m Ute eomplex nahtre of the problem, 

the program input has been made a funetten of temperature .and ttme. These were ,r.n- 

sldered to be the two major variable parameters for the mater, at, concept and conditions 
oi Reference 5. 1.5.1. 

Idte program is written so tea. the insulation penalty is in terms of Ibs/ft^ of tank area 
Which vanes in the siring routine according to tenk volume, which in ten, varies wite a 
number of other design parameters. The eqteition for tank hmulaaon weight 1st 


WINSTK 

C(45) ♦ SFUTK + C(77) * SOXTK + C(44) 

WINSTK 

Total Weight of Tank Insulation, lbs 

SFUTK 

Total Fuel Tank Wetted Area, ft^ 

SOXTK 

Total Oxidizer Tank Wetted Area, 

C(43) 

Fuel Tank Insulation Unit W’eight, Ibs/ft^ 

C(77) 

Oxidizer Tank Insulation Unit Weight, Ibs/ft^ 

C(44) 

Fixed Propellant Tank Insulation Weight, lbs 
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weigh, coe«,o,en, q43, >e ob,«h.«, .he „ppe, ^„e in Figure 5. 1-5. The fuel 
huJi ineulation uni. weight le a fun<«on of radiaUng ten.pera.ure. The ueer n.ue. 
eehutete what tee maximun. radlaUng teteperatere wiU he a™, .eelec. tee eorieapondteg value 

for C43). A tjrplcal radlaUng temperatere of 500°F n.ay be aesumed for preliminary nma 
if data is not available for making a specific selection. 

The C(43) valoe obtained from Figure 5. 1-5 is for a total flight duration of 500 seconds. 
When other flight times are anticipated the C<43) value should be modified by multiplying 
it by the time correction factor ) obtained from Figure 5. 1-6. 

Durmg past Space Shuttle design studies, there has not been a requirement for main 
oxidizer tank insulation. However, input data is provided for cases where the user feels 
that oxidizer tank insulation is required. The weight coefficient C(77) is obtained from 
the lower curve in Figure 5. 1-5. The se:ectlon criteria used to obtain C(77) is the same 
as that used for C(43). The coefficient C(77) obtained from Figure 5. 1-5 is for a total 
flight time of 500 seconds. When other flight times are anticipated, the C(77) value 

should be modified by multiplying it by the time correction factor (T^ ) obtained from 

Figure 5.1-6. 

The coefficient C(44) is a fixed input weight to the propellant tank insulation calculations 
This input may be positive or negative. This input may also be used to input a fixed 
propeUant tank insulation weight when scaling is not desired. When C(44) is used for this 
pun»se the coefficients C(43) a.ul C(77) must be set to zero. AU three coefficients aro 
initialized at zero and will not be used unless a value (+ or -) is input. 
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MAIN FUEL SYSTEM The fuel system includes the weight of fliose items 
□eoe.M.y to deliver the fuel tiem toe vehicle storage tanks to the engine pump Inlets 

tank venting tom propellant dumping requirements. Hie velght of such systems Is 

highly deimndtoit upon the vehicle tank and propulsion system layout told the ease of duct- 


system weight is; 


WFUSYS 

C(45) * TTOT + C(46) ♦ LBODY + C(47) 

WFUSYS 

Total Fuel System Weight, lbs 

TTOT 

Total Stage Vacuum Thrust, lbs 

LBODY 

Body Length, ft 

q45) 

Fuel System Weight Coefficient f(Thrust) 

C(46) 

Fuel System Weight Coefficient f(Length) , lbs /ft 

C{47) 

Fixed Fuel System Weight, lbs 


The weight of the main fuel system may vary substantlaUy from one vehicle to another 
beenuse of the many design conslderaHonn which can only be analyzed on the basis of a 
apeclflc design appUcatlon. Since vehicles may have to be sized on a preliminary basis 
before detaU design data is available the following input coefficients are provided to 
acoount for the znaln fuel systen). 


An orhlter vehicle, with toe fuel tank In an alt position will have a typical Input range of 

C(45) . 0.002 to 0.003 for LH, fuel. If toe fuel is RP-1 the Input value wUI vary from 
C(45) = 0.001 to 0.0015. 
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A booster vehicle, with the fuel tank in an aft position will have a typical input range 
of C(45) » 0.0015 to 0.0020, If the fuel is RP-1 the input value will vary from C{45) 

= 0.0006 to 0.001. 

The equation has a term C(46) * LBODY that may be used to calculate the ducting weight 
separately when sufficient detail is available. However, this portion of the equation is 
not currently being used and may be zeroed out. 


The coefficient C(47) is a fixed input weight to the main fuel system calculation. This 
input may be positive or negative. This input may also be used to input a fixed fuel 
system weij^it when scaling is not desired. When C(47) is used for this purpose the 
coefficients C(45) and C(46) must be set to zero. Ail three coefficients are initialized 
at zero and will not be used unless a value (+ or -) is input. 
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5.1.7 MAIN OXm.ZER SYSTEM - TSe oxU«,„ o,„pn«, 

.eed«> ,0 ,r.p 3 i„ ^ ^ ^ 

-«.d th. components required u, vent or dump the oxidizer mnhe. ^s syrtem ^s 

dependent upon the size, length and ease ot ducting for transfer ef the propellant. The 
equation for main oxidizer system wei^t is: 


WOXS\'S 

WOXSYS 

TTOT 

LBODY 

C(48) 

q49) 

qso) 


C(48) * TTOT + C(49) * LBODY f C(50) 

Total Oxidizer System Weight, lbs 
Total Stage Vacuum Thrust, lbs 
Body Length, ft 

Oxidizer System Weight Coefficient f(ThrusQ 
Oxidizer System Weight Coefficient f(Length), Ibs/ft 
Fixed Oxidizer System Wei^t, lbs 


TTc nuun oxidizer eyetem weight le dependent upon pmctlc.1 design factor, as well as 
die nuld now ch.ractertst.es. The htput vtUucs for C,48, and C(49, should be ohtalned 
from th. analysis ef a specNlc design appUcadon. However, sh.ee a detaH muUys.s Is 
ce. always possible during the early phases of a shMy. the foltowfng h.puts are representa- 
tive of sn EOj, system wlU. Uie LO^ tank located forward of Uie fuel tank. 

An orbfter vehicle wlte the oxidizer teak forward of the fuel tenk. mui LH, used for 

the fuel, will have a typical Input value that varies from C(48) - 0.003S to 0.004. If 

RP-1 Is used for fuel the coefficient C(48) wUl vary from 0.0025 to 0.003. The reduction 

in input value is due to the shorter ducting lengths required with the higher density and 
lower mixture ratio fuel. 

A lister vehicle wlto the oxidizer tenk forwmd of Uie fuel tenk. mid U,^ 1. used for the 
fuel. «11 have m. Input value of C,48, = 0.002 to 0.0025. u RP-i 1 . u Jforfuel tee 
coefficient C(48) will vary from 0.0015 to 0.002. 
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.e™ q,, . lBODV In «.e «,nnt.o« so u.o ^ 

computed sspu^tely Iron, ten rest of the oxidlser system. This op«„„ te not currenUy 
being used and may be zeroed out by setting C(4^ = o. 

The coefftetent Cpo, .s n tOted m,.t weight te the mete oxidUer system enieulaUon This 
ihiXit msy he posiUve or negative. T„,s mpit may atso be used te input a fixed oxidieer 
system weight When scaling is not desired. When Cpo, is wied for this punx.se the 

»effie,ente C,4g) and C,4S, n,us. be set -o ee... at, three coeffieiente are initiaiixed to 
zero and wdU not be used unless a value (+ or -) is input. 


GDC-DBB70-002 


5.1.^ PHOPELLANTPRESSURIZAHON AND purge SYSTEM - TT.e prppelUnt 

pr«i.url..Uon and purge eyeteu. ,„r the male p^peUaa, eyeten. le repreeenteu™ of 
a etored high preeeure helium eyetem. The two major pammetera used m obtal. Input 
are tt. main tank preaeure. and the helium etorage temperature. The eyatem weigh, 
inoludea the etorage hottlea, etored gaa and ayatem componcnta. The weight equaUon 
inpute weigh the preeeurla.tion and purge eyornm .a a funcOon of fue! and oaldleer mnk 
volume.. The equation for propellant preaauriaatton and purge ayatem weigh, ia: 


WPRSYS 


C(51) • VFUTK + C(52) ♦ VDXTK + C(187) 


WPRSYS 

VFUTK 

VQXTK 

C(51) 

C(52) 

C(187) 


Weight of PresBurtzaUon System, lbs 
Total Volume of Fuel Tank, ft^ 

Total Volume of Oxidizer Tank, ft^ 

Fuel Tanit Pressure System Weight Coefficient, Ibs/ft^ 
Oxidizer Tank Pressure System Weight Coefficient, Ibs/ft^ 
Fixed Pressurization System Weight, lbs 


The coemclrnite qsi, mid C,52, are fuel and oxtelaer dependent, reapecu«,ly. for the 

prea.urU.tlon mul purge ayatem welghte. The teput ulue. for tteae ooefflolente are 
obtained from Figure 5. 1 - 7 . 


coefficient C„S7) 1 . a fund teput weigh, te tee pu.m.rUatten and purge ayatem 

calcuUaon. TUs ln,m, may be poalUvc or negaUve. Thl. Input may alao be need to 

input a fbtod preaauruauon and purge ayatem weigh, wlten .ding 1. no, denUd. When 

C(187) 1. uned for tel. purpoae the ooefflolente C(51) and C,52) mu. t be ae, to aero. All 

three ooefflclenta are teltlalUed at aero mid will not be need unleaa a value (a or -) la 
input. 


The mAreatete* propulalon preaaurUatlon ayatem. lor JP type teel. Includea tee weigh. 
Of tee etetage botelea, etored gaa mu. ayatem componente. The weigh, of tee alAreateteg 
fuel prossurlzatlon system is calculated by the following equation: 
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WABFPS 


0.0009 * C(149) ♦ ANENGS * AN TANK 


WABFPS 

ANENGS 

ANTANK 

C<149) 


Welglit of JP PressurizaUon System, Iba 
Number of Alii)reathing Engines 
Number of Airbreathing Fuel Tanks (JP) 
Airbreathlng Engine Thrust per Engine, lbs 
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3.I.S NAC^U^. I>ODSA^BPVIONS - ...110, and p,.ons 

•‘^-V»'ack onKlnes. n,i. p..n:Uty has been included in 

aa. . n^e weight dui ..g .,u,us afuHoH. However a sealing e., nation is presented 

so the user luis the option et ou rviiu' thi-i .« ^ 

nna (x nalt> as a sepuraUi weight. The equation 

for nacelle, pods and pykai ^ i is- 


UNACIvl 


P(d6) ‘ 'vVABJ’H -* C'(37i 


tVNACEl, 

'A'ABPn 

C(it) 

q37) 


Weigh: oi Nacidle, i*oda and J’j lotus, ;hs 
Weijdit ol Ati hieaUung Engincb for l- lyLack . lbs 
N.'u-ell.', IVhI.s ,uu; Pylona Weight (-odl :cicrit 
1 bccd Naicllf;, J\xl.s and I’jlor. W'eignt, lbs 


The coeffic.,.t C(a6) .cues th» aicll.. p„.l„ 
enem. u,,. 

used and must be determined at tlie time of usage. 

•n.e coefflOe^t C(a;, U a fixed iaput waighe u,. nacUe. pcaia a.d pyioa oalcuiaf.oa 
IVla idpu. faay be posm™ or „eg-,fiy,. -nua lap„, npiy aiap be uaod io i„p„. a fixed eacoile 
poda and pylon weigh, when scalUg ie no, dee, red. When C(3„ ie need for this perpo-e 
the eoemeien, C,3d) rane, be ee, d. aero. Tne coefliciente C,36) and C,37, are both 
initialized at zero and will not be used unless a value (+ or -) is Input. 


.i* 

V. 


t 
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5. 1. 10 AIHBREATHING PROPULSION TANKAGE AND SYSTEMS - TEe alrbreathlng 
propulsion toUcuge and nystoms weight include the tanks, pumps, lines, vslvea. etc. A 
test is made ot C(212) qjlO) to determine the type of Ryhack (uel used, 

d C,2,2, or C,zi3, tutvc a posidvc vUue the fiyoack propciian. wUi he Uguld hyd^gen mid 
the tankage and system weight will he determined by fte following egmition. When iiguid 
hydrogen is used the term ABFSYS wUl be automatically set to zero. 


WABFTK 

WABFTK 

WABFU 

ABFSYS 

C(212) 

C(213) 


C(212) * WABFU + C(213) + ABFSYS 

vVeight of Airhreaihlng Propulsion Tankage and System, lbs 
Weight of Airbreathing Fuel, lbs 
Airbreathing Fuel System Weight (JP), lbs 
Airbreathing Propulsion Tankage and System Weight Coefficient 
Fixed Airbreathing Progulsion Tankage and System Weight, lbs 


The ccoffloteat C(2,2, ,s need U. scale the airhreadimg pmpuleioh taokage aod system 

wetght as a function of althroathlng fuel weight. A typical mdue of ^212) =o .20 may 

he used when the airbreathing fuel tank le aeeumed to be Inside the main fuel tank, 

fits coefflcleut 0 , 2 , 3 , „ . fh.ed Infmt wetght to die aithr^Udag ptopulsion huik.hge and sy»m„ 
oalculntlon. This input may bn poettlve or negative, nue Input may also be used to 
mput a fhted alitroathlng prcpulsloa tankage and aystom weight when sealing is not desired. 
Wheo C,213) is used for this putpoec the ooeflicienl 0(212) must be eel tc zero. The 
coefficients C(212) and C(21.3) are both initialized at zero. 

tVhen the coefficiente 0,212, and 0,213, *„re boU. act to Zen, the fuel eyamrn will he cal- 
oulated on Uio boele of a JP-4 or JP-5 type eyetem. The parameters need an, limited to 
thoBo Which would he available In a preliminary dealgn amdy. ne fuel eyetem is broken 
down Into boost and tnmefer pumps, distribution aystom - Part I. DistribuHon System - 
Part D. Fuel System Controls, Ground Refueling Syetem, Fuel Dump and Dram Syetem. 

and TarJt Bay Scaling. Tl.c data preeented for the wolgt.t calculation of the JP t„x, systems 
are based on Reference 5.1,10,1. 

CCOVS) tc . oocci 
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i 


The weight of the boost and transfer pumps is a funcUon of the engine thrust and the number 
of engines. The equaUon for boost and transfer pumps is; 


WBPUMP 


C(149) * ANENGS * (1.75 +0.266 * ANENGS)/l000 


WBPUMP 

ANENGS 

C(149) 


Total Weight of Boost and Transfer Pumps, lbs 
Nuiiiber of Airbreathing Engines 
Airbreathing Engine Thrust Per Engine, lbs 


The fuel Tiatribuaon system - Part I Is the total of all fuel Hoes, supports, flttuigs, etc. . to 

proride fuel flow from a reservoir took to the eugiues. The etjuation tor the fuel distribut.oo - 
Part I Weight is: 











1 ■ 


WDISTl 


ANENGS ♦ C(19l) • C(149) *• 0.5 


WDISTl 

ANENGS 

C(191) 

C(149) 


Total Weight of Fuel Distribution System - Part I, lbs 
Number of Airbreathing Engines 

Fuel Distribution System - Part I - Weight Coefficient 
Airbreathing Engflne Thrust Per Engine, lbs 


The Input coeLlcient CflSl) la uoed to dftteroaa.te between a non-afterbummg and afterburning 
engines. If the flyback engine utilizes an afterburner the input value will be C(19l) =0.316. 

for a non-afterburning engine, which is most common for Space ShutUe vehicles, the input 
value will be C(191) =0.221. 


Wlien .IP type fuel Is used for fl^ oack, the system weights utilize gallons as a parameter 
The equation for gallons is: 


GAL 

— 

WABFU /6. 5 

GAL 

= 

Total Gallons of Fuel 

WABFU 


Weight of Airbreathing Fuel, lbs 
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The fuel -listribution system 
provide flow between various 
system - Part D Weight is: 


- Part U is the total of all fuel n„ea, fittings, supports, etc. , to 
tanks Within the system. The equation tor the fuel dlstribuUon 


WDIST2 


0.255 ♦ GAL ** 0.7 * ANTANK *♦ 0.25 


WDIST2 

GAL 

ANTANK 


Total Weight of Fuel Distribution System - Part H, lbs 

Total Gallons of Fuel 

Number of Airbreathing Fuel Tanks (JP) 


The fuel system eoutrtls is the total of all valves and valve operating equipment such as w.rtng 
ye. cables, etc. The equaUon tor the fuel system controls weight is: 


WFCX)NT 


0. 169 * ANTANK ♦ GAL ** 0.5 


WFOONT 

ANTANK 

GAL 


Total Weight of Fuel System Controls, lbs 
Number of Airbreathing Fuel Tanks (JP) 
Total Gallons of Fuel 


The fuel tank refueling system includes the ducts and valves 
The equation for fuel tank refueling system weight is: 


necessary to fill the fuel tanks. 


WREFUL 


ANTANK ♦ (3.0 +0.45 ♦ GAL *+ 0.333) 


WREFUL 

ANTANK 

GAL 


Total Weight of Fuel Tank Refueling System, lbs 
Number of Airbreathing Fuel Tanks (JP) 

Total Gallons of Fuel 
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The fuel dump aud drain ayntem Is the total «Utos mri plumMng necessary to dump and 
drain the JP fuel system. The equation for fuel tank dump and drain system weight is: 

WDRANS = 0. 159 * GAL *♦ 0.65 


WT)RANS 

GAL 


Total Weight of Fuel Tank Dump and Drain System, lbs 
Total Gallons of Fuel 


The fuel tank bay sealing Is the total vveight of sealing compound and structure required to 
provide a fuel tight compartment. This sealing is used with a bladder tank to prevent fuel 
leakage and it is used to seal a structural compartment to provide an integral tank concept. 
The equation for fuel tank bay sealing weight is; 


WSEAL 


0.045 • ANTANK * (GAL/ANTANK) ** 0.75 


WSEAL 

ANTANK 

GAL 


Total Fuel Tank Bay Sealing Weight, lbs 
Number of Airbreathing Fuel Tanks (JP) 
Total Gallons of Fuel 


The type of fuel tank construction assumed in this study for JP type fuel is the non-self sealing 
(bladder) and self-sealing. The input data presented here also assumes that the tanks are 
located in either the wing box or cany-through structure. However, the equaUon is of a form 

that other tankage systems imiy be studied if input data Is available. The equation for JP 
fuel tank wei^t Is: 
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WFUNCT 


C(183> ♦ (GAL/ANTANK) - 0.6 - ANTAKK > C(190) 


WFUNCT 

GAL 

ANTANK 

C{}S 9 ) 


TolaJ Wi'ighl of Ku^l liSc 

1 c>tAJ (mllons of Fuel 

Numbtir oi AirbrvathinK Fuel r;mks (Jl>) 

r li, 1 TanJ< U'ciKht Coefficient 

Kixi d Fuel Tank Weight, lbs 


u,„. . u „ ■" an- no„-,e.f-.oa„„g 

... s„ .a valua wUl .a, q.,5, „ for a „o„-aclf-.o.ll„g 

Jk, “nn-h .Vi„p„,..a,„ew,nbeC„81,| -I..,. 

o tar* weight cala.l.t«l by this equation Includea aupporta and backing board. 

The C^mcent C,.*,, is a t.ed input wei^t . die b-c tank eaten, ation. Thin b„„t mag 

^ t^sitWe or negative. ™. inpui .ay aisn be used k. inpn. a iUed tne, tank weight 

seating is not desired, u^hen c,.», i, „,ed ,or this purt^se U.„ eoetticient 

a wur“. r -»“■ at tcio 

nd wdt not be used untess a vatue (♦ or is input. 


The wel^t of the flybaek fuel syshin, for JP type Me, 


is summed by the equation; 


ABFSYS 


WBPUMP r WDfSTl r WDIST2 i WFCONT r WREFUL 
+ WDRANS + WSEAL + WFUNCT + WABFPS 


The weight of the flyback fuel 
equation: 


systen. for JP type fuel less hinkage Is calculated by Oi, 


WABFS 


ABFSYS - WFUNCT 


The total weight of the propulsion 


system is summed by the equation: 


WPROP 


WENGS r WNACEL r HTFUTK r WQXTK r WmSTK * WFUSYS 
+ WOXSYS + WPRSYS + WENG32 r WF11TK2 + WOXTK2 
+ WABPR + WABFTK 
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^■'LANK N’OT FIi.Mi:n 


6.0 OWENTATION CONTROLS AND StPAHATlON 

6. . OmSNTATIO.N CONTROl^ AND SEPARATION - SPACE SHET, I.K 

6. 1. 1 GIMRA! SYST*'V "ri .... 

, ■' VAuior-coniroi; actual.on .system (s 

z w ™ a rocket engme la uaed for main ImpuUe. 1t,e data m E|g„r.., 

- 6 1-3 I. Saecd on Reference . f, , and i. for an electrical afatem cna.a.lng 

ofa.l,cer-r,„epr,marTSa,.e„. a d. c. electric momr and a gear . rain. 
ne eP»rUcalc,ctc„c,.mdball-.crewactnator,, The work In Reference 6 I | , 

o covered a pneuma.i ■ acaatlon .>.a,e„,. |,oth a,,u .„3 we., cmplet,,,.,.. fr„,„ 

. we gh. atandpoin, with a alight adv.t^e for elecfOc., avatems for .he longer open 
ting Umea „ .ac, , and for al, h,„,.,e levein gre.aler than lOho ,h-,„. 

Tal/ "''"i T''‘ *“ ■" form ic, a fnncUon of delivered u,d,oe 

m^mam enection rate of opera.ing ttme. n,e range of ai^iflcan. open 

tlonal requirement and t,„diUoA, for the data pre.ented hero 


l^livcred Torque 
Nozzle Denectlon 
Nozzle DeHectlon BaU- 
Operating Time 
Thermal Environment 
AcceleraUon 


C>. 000 to 2, 000. OOO il)-in 
2 to 20 degrees 
5 to 25 degrees/sfcx>nd 
■">0 to 1200 second.s 
- 420 to + 400“ F 
2. 5 to 15 g 


The syatem aa.ume. pitch gad yaw control for ai„g|e engine and pitch, y.w 
control for multiple engine,. The ennatlon for defivered ton,u„ la: 




TDEL 


750 ♦ (TTOT/NENGS/PCTIAM) ♦* 1.25 


TDEL 

TTOT 

NENGS 

PaiAM 


Gimbal System Delivered Torque, lb-in 
Total kStage Vacuum Thrust, lbs 
Total Nu.-nber of Engines Per Stage 
R<>ckt!t Engine Cham/jer Pressure, psla 


OS 


■ ■■ii. ■> %. 
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The delivered torque calculation s 


The calculated delivered torque is then used i 


assumes a maximum nozzle deflecUon of lO decrees. 


WSTA B 

H STA B 
NKNCS 
TDKl. 
C{2H) 

C( 160) 
C(16D 


in the glmbal system weight equation which 
NENGS • (C(28) * TDEL C(ieO) ) 0161) 

Weight of Engine Gimbal System, lbs 
Total Number of Engines per Stage 
Glmbal System Delivered Torque, lb-in 
Gimbal System Weight Coefficient (Intercept) 

Gimbal System Weight Cbefficient (Slope) 

Fixed Gimbal System Wel^t, lbs 


IS: 


T.eae U,. ' 

sys..„ we<*. pa, ep^aa aa a ^ 

«praaaa.a a ay,.„ 

aod ® “°““‘«“"'“"«'"nMimuipdenecU„„s„( 10 degrees 

add operaUdg u„es o, .00 u, Igoo seco^ls. U U.. denecaee rap. is ..preea 

• and 20 degrees the coefficient C(28) may be ratioed from th , 

and 1_2^ i 1 may be ratioed from the values shown on Figures 6. l-i 

^ multiplied by the number 

-gtoes per sage. « ..e eaglae. are slaved logeUier as „„e or d»„e »d.s die coel- 

..“ir Td.””” “ " ■“ *" ““"‘-.oa 

fmcaon of the speclfle design snd Is left lo the di.eredoe of dio user. 

n.. ^.e.«.f C.O., IS a ,u.d d.^1 „ew . die glmdal syslen. lado^don. Tdls dipo. 

poem,, or negadve. fVs .... ..y .so Oe used n. Inp. a ,.ed gdnf.al sy 1 

weight when scallBg Is not desired. When q.ei) is used tor d,i. 
a28i m.,»* hsa * e f^rpoae. the coefficient 

. ») .«« b. set d. tero. lf.e ooeff.elent C(10., nutdUlrod a. aero and wm no. be 
used unless a value (+ or -) is Input. 
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D K LI VE RE D TORQU E (IN - 1 . BS) 
Figure 6. 11 
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NOTES: 

!, MAXIMUM DEFLECTION 10^ — T 7 ' ~ ' L jj" 

2. MAXIMUM DEFLECTION liATE - r/V^EC 

3. t = TOTAL OPERATING TIME L\ SECONDS N~f TT-j-^t T V ' i j-i - 


/-C(lOo) . 



Wl , KNOIM . 


' r*^-) 

(IDF .) rftV T>^ 


t - IL'tiii SF ( :NDS 




WT/EXT:-iNK (1. 01 (TDEL) 


t - 100 SECONDS 


iissuwi 

nmm 

inniRisi 


■ S» 


DELIVERED TORQUE (IN-LBS) 
Figure 6,1-2 
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6. 1.2 SPATIAL ATTITUDE CONTROL SYSTEM ~ This subsystem represents the 
weight of the attitude control system which includes engmes. valves, pressurant and 
residual propeUants. It does not include the propellants and their associated tankage. 

The system includes pitch, yaw, roU and translation engines. The equation for attitude 
csontrol system weight is; 


WA CS 


C(156) * WWAIT ( 4 ) *♦ C(155) + C(157) 


WA CS 

WWAIT(4) 

qi56) 

C(15i.) 

C(157) 


Weight of Attitude Control System, lbs 
Initial Orbit Weight, lbs 
A CS System Weight Cbefficient (Intercept) 
ACS System Weight Coefficient (Slope) 
Fixed ACS System Weight, lbs 


The weight coefficients C(156) a..d C(155) represents the intercept and slope, respectively, 
for the data shown m Figure 6. 1-3. These coefficients scales the attitude control system 
as a function of initial orbit weight and type of system. The upper curve is representative 
of a high pressure turbopump system. The thrust level ranges from 1,000 lbs to 2,000 lbs 
per thruster with the number of thrusters varying from 15 to 30. The lower curve is 
representative of a high pressure fed super criUcal storage system. The thrust range 
and number of thrusters are the same as the upp>er curve. 


The coefficient C(157) is a fixed input weight to the attitude control system caloUation. This 
Input may be positive cr negaUve. This inpit may also be used to input a fixed gimbal 
system weight when scaling is not desired. When C(157) is used for this purpose, the 
coefficient C(156) must be set to zero. The coefficient C(157) is initialized at zero and will 
not be used unless a value (+ or -) is input. 


6. 1.3 ATTITUDE CONTROL SYSTEM TANKAGE - The attitude control system tankage 
weight Includes the bladders, insulation, mounting, etc., but does not Include the pro- 
pellants. The e<iuation for attitude control system tankage weight is; 
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WACSTK Qlfi4) * O'- ACSFO + WACitES) + C(165) 


WACSTK 
VVA CSFO 
WA CRi:S 
qi64) 
C(]65) 


of Attitude Control S^'stcm Tankage, Il>s 
of ACS Fuel and Oxidizer, lbs 
eight of AC^ Prx^pollant ftcscrve, lbs 
A O' lank Weight Cbefficlent 
iximI ACS Tank Weight, !bs 


Ine cx>e£flcient C(lG l) scales the attitude control propellant tankage weight as a function 
cf tota^ attitide control pro}x;llant and reserve projiellant weight. Different tyixis of 
propellant combinations and sU.ragt ariangements may be used. If a storable propellant 
ia u.sed a t>T>ic.il inpxii values C.:iG4) - 0. lO. A cn.egcnic pix-Dcllant will have an irput 

aliie of c. 164) - li the cryugeaic pro[>ellant utilizes super critical storage the input 

value flhouid be increased to C(i64) 0,60. 


The coefficient C(165) is a fLxed input weigiit to the attitude control tankage calculation. 
This input may be positive or ncrative. This input may also be used to input a fixed 
tankage weight when scaling is not desired. When C(165) is used for thus purpose, the 
coefficient qi64) m-ist lie set to zero. The coefficient C’(165) is Initializcxl at zen. and 
will aot be used unless a value (+ or -) is input. 
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e..,. aerod™amic COHTRO,^ - 

-.-.gbt of ft, ,erodyou»ic ooo.rol ,11 o„n.„, ,evc„, 

C.I.O.. „,ij,=t„au,r, f„„, ,,, control ,utior. „p to but not .uCudlng toe aerodynatole 
Surlnooa. ,hit weight doca not include toe autopilot or the AN Hydraulic/PneunuUlc 
ayston, weight. Ac equation f,„ aerodynamic control, ayntem weight ia; 


WAER(J 


C(fi5) • j^U-WAIT(5) ** 0.689 ♦ (LBODY + CSPAN) ** 0.287 
** C(18G) + C(56) 


WAERO 
W'WAIKS) = 
LBODY 
eSPAxV 
C(55) 

C(185) 

C<56) 


VVfcit,lit tit Aer-Xiynanuc CoatrUs, lbs 
Initial i;:ntry Weigjit, lbs 
Ilody lucngth, ft 

StrucUiral Span (Along .5 Chord), ft 
Aerodynaiaic Control System Weight Coefficient (Intercept) 
Aerodynamic Control System Weight Coefficient (Slope) 
Fixed Aerodynamic Control System Weight, lbs 


The weight celftoiehts C,h5, and C„g5, roproaent too intoreept and alopo, roapectively for 
toe aermlyntnie control, data from varion. aircraft .hnwn to Figure 6. t.,. -n,eae roefficien. 
acale. to. aerodynamte eontrol. weigh, ms . fmioUoh of entry weight, body lengto and atroc- 

h.ral wtog.p,n. The data 1. also reproaeutativc of ftoed wing alrornft. If a ™rt.ble mreep 

«dng demgn la tnrolved toe coemcient C(55) ahould be toereaaed from 8 to 10% to account 
for the actuation eystem penalty. 


The roeffiotoh. C,56) to a ftoed input we^it to toe aerodynmnie controls calcidaUon This 
icpul nuiy he pcatave or negabve. Aia into,, may alao be used to topnt a fixed aerodynamie 
ront.ola weight when aealmg is not dea.rcd. When C(56) to u.ed for tola purpos. too 
coellicicn. C(55, mual be act to zero. Ac .oetf.c.en.s C,55), C(l»5) and C(56) are all 
initialized at zero and wilt not he used unless a value (cor-) Is input. 
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w\vArr(5) 


• ♦ 


0 . «89 * (LBODY + C31^A.\) 
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6 . . 5 SEPARAnoN SYSTEM - s.paraUo. „eish. ..ctaae. s.e 

and U.M ^ 

mcludea the aaparaUoa ayato™ back-up «™cp,„ ce<,ui^ u, rcac, the Icada aa wcU aa 
the fittings and structure that attaches the two stages together. 

Su.ee the booater ia dropped ear., p. n.gb, d,e „.ap,e loada „.y be rc.cded by tbe ,x»au.r 
a.n.^re. 11., aepara.ion ayatem „e,gb. ,or boU, orb.u,r a„d booaU,r .a acalad aa a ...aCo.. 
Of ,.rb..er .ake-off .eisbf. Tb.a fa acc„p.pnahed by uUiUfas a dffferen, e,uaffop ia each 
aUige caiculaaon. The cquafloua tor acp.ralloo ayatem weleht are: 


L>rbiter Stage: 
WAUXT 

Ikrposter Stage; 
WAUXT 

WAUXT 

WTO 

WPAYI. 

C(153) 

V- \ 


C(153) * WTO + C(154) 

C(lo3) * WPAYI. + C(154) 

Weight of Separation System, lbs 
Take-off Weight, lbs 
Total Payload Weight, lbs 
Separation System Weight Coefficient 
r ixeii Separation System Weight, lbs 


n.e cpofficfea, CfiSS, aca,e. u,c acparaUoh ,ya.e„ aa a ^^dter Uka^ff weishf 

tor boU, U.C orblUir ..ui booaUir aUisea. Ih., booatcr eouaUon uaea payload weigh, aa the 

.cahag terp, hut the program ,a au.h that the booatcr paylow, e,„M to orbttor UUte^a 
weight. 

If draign dal. ia ataiiab.e, a„d ^at Uie major loada are reatUed by the 

Uooeior. a prelimlmir, de.iga value ol C(15=, . o.ool m O.OOS may be uaed tor fte arbiter 
A prelimtoarydoaign ..due ol C(i5J) - o ,„2 u, o.o4 may be „aed tor tho booater Aa 

aoporadou ayatem do..,, data b.,v.mra ...Uabie, new value, tor C,153, ahouid be ge, .crated 
and Incorporated Into the Data Handlxxjk. 
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The coefficient C(154) is a fixed input weight to the separation system calciUation. This 
input may be positive or negative. This input may also be used to input a fixed separation 
system weight when scaling is not desired. When C(154) is used for this purpose the 
coefficient C(153) must be set to zero. The coeffici»*nts C(153) and C(154) are both 
initialized at zero and will not be used unless a value (+ or -) is input. 

The total weight of the orientation controls and separaUon group is summed by the equation; 


WORSUL 


WSTAB + WAGS + WAERO + WAUXT * WACSTK 
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;1.ANK in’OT filmed 


POWER SUPPLY, CONVERSION AND DISTRIBUTION 
7.1 POWER SUPPLY, CONVERSION AND DISTRIBUTION - SPA CE SHUTTLE 

rilTva^'l - » 

are ee— I 

.y17T "T " ““ 

system. The equation for electrical system weight is: 


WSORCE 

WSORCE 

WAVIOC 

WABFS 

q 62 ) 

q63) 

q«4) 


C(62) * (WAVIOC + WABFS) ♦* C(63) + C(64) 

Weight of Electrical System, lbs 

Weight of Avionic System^ lbs 

Weight of Jp Fuel Astern Less Tanks, lbs 

Electrical System Weight Coefficient (Intercept) 

Electrical System Weight Coefficient (Slope) 

Fixed Electrical System Weight, lbs 


The weight coefficients C(62) anH cmvi a av 

^ C(63) represents the Intercept and slope, respectlvelv 

for the electrical system data shown in Figure 7 i-i Th*. ^tn 4 

scales the oHm »»re 7 . 1 1 . The coefficients C(62) and C(63) 

e Prime power source and distribution weight as a function of the electn,nic and 
electrical driven (flyback JP) fuel system weights. 
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The nybeck tee. system may uUIlae either hydrogen of JP tor flyback tael. 11 the 

flyback lue. cystem etllizes a pressure ted lK,uld hydrogen system, led Irom the main luel 
system, „m no, signllicanUy allec, the e.ec.rical renu.romcnts and wH, fterelore be 
omitted Irom the caicuiation. 'ntls is acrompltshed by testing lor JP and either calculating 
a value for WABFS or setting WABFS equal to zero. 

The coclucicn, C(64) ,a a luted input weight to the electrical system calculation. This 
.n„.l may be pos.tne or negative. This input may also be used to input a ILxesl electrical 
system weight when seaUng is not d, .sired. VtTton C(64) is used lor Utls purpose the coelticent 

C,02) must be set to aero. The ooelllcien, C,04| is initialized at zero and Will not be used 
unless a vaJue (+ or -) is input. 


The clcctnca, system may utilize a power generoUng system that requires propellants. The 
weight ol prlm.i power source propellant tankage la calculated by the equation: 


WPOWTK = C(29) ♦ WPOWFO + C(60) 


WPOWTK 

WPOWFO 

C(29) 

C(60) 


Weight of Prime Power Source Tanknge, lbs 
Weight of Prime Power Source Propellants, lbs 
Prime Power Source Tankage Weight Coefficient 
Fixed Prime Power Source Tankage Welj^t, lbs 


The eoolltetent C,20) scales the prime power sourro te.at.ge ss a tunebon ot prime power 
source propeUant weigh,. DUteren, types ol propeUiutl eomblnaUone ami storage arrange 
ments may be used. U a storable propeUant is used a typical tepnt value i. C(g9) . 0. 10. 
U a cryogenic propeUant is utUlzed a typical input value Is C(29) « 0.25. u the 

cryogenic propeUant utiUzes super crtUcal storage syatem the typical Input vtUue should 
be increased to C(29) = 0.60, 


B2 
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Figure 7.1-1 
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The coefficient C( 60 ) is a fixed input weight to the prime power source tankage cal- 
culation. This input may be positive or negative. This input may also be used to input 
a fixed prime power source tankage weight when scaling is not desired. When C( 60 ) is 
used for this purpose the coefficient q 29 ) must be set to zero. The coefficients C( 29 ) 
and C( 60 ) are both initialized at zero and will not be used unless a value or -) is input 

The total electrical system weight is summed by the equation: 

W POWER =-. WSOUCE + WPOWTK 
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7.1.2 HYDHAUUC/PNKJMATIC SYSTEM ' He kydnuSlc/p™„matl„ I, 

comprt«, ft, eoftponoeft ft pr«ftce nuid or 

eeulpftoM, sftr.se .jdnmlle fluid . dletrift.,,.. ,y,^_ „p ^ 

ftcludfts fte v.r,ou. flftefloftU brft.che.. .ofteftra, ale. The a^ftpee 
pneumatic ayetem weight ia; 


WHYCAD 


C(65) * ^SWING SHORZ SVERT) • Q/IOOO) 1.3125 
^ (LBODY + CSPAN) ** 1.061251 •* C(66) ^ C(67) 


WHYCAD 

Weight of Hydraulic/Pneumatic System, lbs 

SWING 

Gross Wing Area, ft^ 

SHORZ 

horizontal StablUzer Planform Area, ft^ 

3VERT 

Vertical Fin Planform Area, ft^ 

Q 

Maximum Dynamic Pressure, Ibs/ft^ 

LBODY 

Body Length, ft 

CSPAN 

Structural Span (Along .5 Oiord), ft^ 

C{66) 

Hydnmlic/Pneumatlc System Weight Coefficient 

.J6) 

HydrauUc/Pneumatlc System Weight Coefficient 

C(67) 

Fixed HydrauUc/PneumaUc System Weight, lbs 


The welsS. coafllclaaft qss, aed qss, «pra.e«. ft. ftftreep. slope, reapecuvely, 
tor the hjdr.uUe/p.euin.ac ayatem daft ahoM to Flgura 7.1-2. TEeae topu, oeafflcleata 
aeale ft. Iiyd™ille/p„,uftatlc.yst.„ a, a luacttoa „( ft, a.„dy„aadc 

aurtae, area. flto« ft. dyrtoraic preaaur, ftto a. a ttorefl.. s.dy toasft aad structural 
epfti. Tb. aroft, afti dyuaudc preatoire are ft, p.rftu.ftra tor alatog ft. hydraulic/ 
l-toutoauc cflulptoeat. n. t»dy laftflh aad atrucftral apaa to u«al ft. ft. parftaaftra ft 
account for the distribution system. 

He ceefllctout qefl to a ftoed to,„t walght to ft. hydrftUl./ftftutoMlc ay.ftto Ccuaaflft. 
This topto may be positive or aagatlve. Thla toput may also be u.«i ft topul a fixed 
hyd.-aullc/l»eumatlc ayatom weight whea acalla* la uot dealrtol. When qg„ ft 

ftl. purpose ft. coemctoat qs5) muat b. ft., ft coettlcleat C,S7) la tolttollaed 

at zero and will not be unod unless a value (+ or -) is Input. 
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440 

C-i;)0A 

880 

CL44-D4 

390 

C-?35A 
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b. I AVIONICS SYSTEMS - The .vloelc .yelem, tor ,hi, 

and „av,,au„„ aye.e., .h. loe.ru.en, at, „„ .ye.en, and .he ro..u„|ea»o.. aye.... 

». . I GUDANCE an,, navigation system - The .luldance and „av,ga..o„ .y,N,.„ 

-udee .hoar ...a „anueaa.Y lo e„e„„ .ha. .he vehicle poal.Inn and .« .r.,ec«.y 

-n.™ a. Ml d.ee. Thie Mac .enera.es c„..andn to, .he t„.h. con.rol si,: 

cn, tor chaoMa. or rcrrecUng .he vehicle heading. The e,ua.l„n tor guidance and 
navigation system weight is: 

VVGNAV = C(68) 


The ^tneien. Ciesi la a tiaed .„ou. weigh, .ha. depeiuta upon .e type sys.. „.i.|red 
,p.cal inpu, value .or space shu.il,- .,^,0 ...hlcles and .raiec.orle. Is r,,.,, u 550, 

«. 1.2 INSTnoMENTAITON SYSTEM - The i.a.run.enu.lon s.vs.eni provides tor a 
ne.gb, allocallon assigned .0 .he basic Ins.rumenK normally required lor sensing 

and readou, ^ 

m add, don m .h„ basic system dier. are many possible mission orlenmd Ins.rumen- 
.adon tuncon. .ha. may be requlrml. Weigh, alloeadon tor .he Ins.rumor.adcn sys- 
tem IS normally par. ot a denlgn a.udy tor a pardeular veh.cle design and mission 
reqmremenc However, an Initial eetlmam 0, the Ins.rumenudon sysmrn weigh, may 
be obtained by the following equation: 


WINST = C(69) * LBODY + C(7 0) 

WINST = Weight of Instrumentation System, lbs 
LBODY = Body l.ength, ft 

C(69) = Instrumentation System Weight Coefficient. Ibs/ft 

C(70) = Fixed Instrumentation System Weight, lbs 



i:i>C-DBB70-002 

.1.. coemcen. C,e9, „ or body leog.b ,o ooo„™. f„y vanoo, loat-o^oota- 

»on tha- „ .pooad along .b,, 

:aHi !niist be estimnu’ci Hu 


•- co.rfficient U,o) ,3 a irAc-a .n,Aii to Cie mstruincnuuiun sysUir. calculation. Td.^ mpui 
n.av be tx.s,t:ve ur aeya. .. -In. in, nit may also be uscnJ to input a Icved instrumentation 

t.,0) ,.,0u to, u,.. . ;-,.uer and C(70) = 2oO() for the booster. UTien C(70) is m;.,u 

' " 'vt-ight. b , roelficR'.'U C(6y) must be set to zero. The coefficients CVi!'. 

not be used unJes.s a vaJuc(^or -) is input. 

■*' ‘‘^VS I-KM - The communication .system weight allocation is 

for all ervJipmenl neoess iry tr, pr.,vni.- tor the c 


,, a>and .stations i.K ludmjt roinmiuacation within !>;« 


o^^nui'i iuncntion svstein a 


commumcatiori t.civ.een vehicle and air 
vehicle iLself. The equation for 


eiitlil i.s; 


Vvl’.'j.MM - (’(,1) « Nt'Kh'VV • t'(7 2) 

WCO.M.M - Weight .d '^ cnimuni cation System, lbs 
NCRFW .Number of Crew .Members 

C( 71 ) - f-onmiuiiication System Weight Coefficient 

C(72) = Fixed Communication System Weight, lbs 


n,d CO, mcledt C,7i, a tunc.lon o, crew .Ize apd may be ,»cd I, a specric ty^ 
^.mmamcauon yyaurm ,a be,„g ,„,.d. However, 1„ „,„a. caeca ,he commumc.rioa 
system is Input as a fined weight by lue of the ooetliclent C(72l. tWiep C( 72 ) is used 
.'or this purpoae the coctficlept C(71, must be zero. Topical ipp.,, ya;„cc ShuBlc 

vehicles With a erew of two Is C(72, o 600 tor the orbitcr mid q72, . .750 tor the booster. 

The total weight of the avionics ayatem is suramef by the equu-Jon; 


WAVIOC .= WGNAV + WTNST 


vv'COMM 



CDC-DBn70-002 


y.O PERSONNEL PROVISIONS 


U. I 


PERS(JNNKL PROVISIONS - SPACE SRUTTI.E 


M PERSONliEi, PROVISIONS - The perauone. prov.a.ons include the e.uip.ent and 
IKTsonnel environmental cntro! ayetem. coolant system, personnel accommodat.ons fixed 
...e support ..u.pmont, emergency «,u.pmcnt. fumish.nga. ore. station controls and .xmeis 


The equipment environmental control system is used to mamtain the correct operating 
ooediUons for vehicle system equipment. Under the procedures for obtaining program 
inputs for this system a thermal araJysls should be made in which equipment Is provided 
to obtain a thermal balance over a wide range of operating conditions. This procedure 
requires detailed knowledge of specific design conditions for high accuracy and should 
always bo lollowod when possible. In Iteu of this, the Input can be based upon past studios 
or weight allocations used in Initial design stedles. The typical coefficients giver in 
Table 9. 1. 1 are based upon some present aircraft data and vehicle design study values. 


The function of the persornal environmental control system is to provide an acceptable 
environmental condition for the crew. This Includes tempentture. atmosphere and 
preesurlzetlon equipment and supports. The best design Inputs are provided after a 
thermal analysis Is made using the component size and weight along with known design 
parameters. When this Is not possible, reasonable weight allocations may be made for 
initial design purposes which are based on praeent aircraft. The coefficients shown in 

Table 9. 1. 1 are intended to provide the ueoc with typical values which will yield weight 
allocatloiia of the rl^t magnitude. 


The coolant system is required for controlling environment in conjuncUon with 
the overall active environmental control system. The weight of this Item is usuaUy derived 
during w.e process of thermal analysis of the compartment design conditions. In the 
absence of a weight esUmate baaed on a thermal analysis, a typical number is pix,vidcd 

which is based on exisUng aircraft data. The input for cx>lant system is given in Table 
9, 1. 1. 


H9 
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The .ocomn^detlon, for personoel todudes Mato, aapporto, restratoto, ahoek abeorbers 
ejedlo. mechaafama. etc. ne welghto used for theae itoma Moally WI late a aarrow 
bd.d depending upon the type of aeat required by design. Moaunal weighta for various 
type ayateaia are ahowa in Table 0. 1. ,. 1,.. „aer haa the option to select the beat toput 

to fit hi. apeciflc dealgn. Space Is left or, uh. tabic so ton, the user may add data fu. 
othsr systeZDB If he so desires, 

•Hie fixed life aupport system Includes food containers, waste maaageaient. hygiene equip- 
ment, etc. A tj^pical value for this input is shown in Table 9. 1. 1. 

The fixed eiaargency equipment includes a buUd-in fire exttogulahtog ayatem. life rafta, 
otc. A typical value for this input is shown in Table 9. 1. 1 . 

The furnishings includes crew sixinige cabinets. partiUons and sound proofing. A t>-pical 
value for this Input is shovm in labio 9. 1. 1. 

The crew slaliou control .rod pm, els la tor .ustallation of crow station flight controls, 
uislrunicnt panels, contioi pclc.suls ;uid stand.,. Typical input values for the crew 
sUition controls and panels are shown in Table 9. 1. J. 

The personnel provisions are a combined function of landing weight, crew size and fixed 
weights. Therefore, the weight penalty may be represented by one equation and the various 
inputs collected and summed from Table 9. 1. 1 . The equaUon for personnel provisions 


WPPROV 


C(74) ‘ W\VAIT(7) + C(75) ♦ NCREW + C(76) 


WPPROV 

WWAIT(T) 

NCREW 


Weight of Crew Provisions, lbs 
Maximum Landing Weight, lbs 
Number of Crew Members 
Equipment E CS Weight Coefficient 
Crew Provisions Weight Coefficient 
Fixed Crew Provisions Weight, lbs 
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•n.e mp„. »efncien, C74, 1. U.e c„v.r«„„K„ul sysep. ,„d 

r««i P».rgppcy eqalpmen, with weigh,. * ^ 

Table 9. 1. 1 . 

The ippe. coefncee. C„5, ,e eeed u, ecale pe™,„.e, p„e,e.e„p w„h „ew aUe. Typ.ep, 
values for Ihe crew dependent pmvielone are shown In Table 9. 1. 1. The user may select 
apd sum b,e Ci,5, v^ue, he wlehe. to m»r,„„.e into any given „ , desl^ has 

crew and passengers, the weight may be aeeomtted for by over weighting the C„5, mput. 

llie input eoeffielent C,76) Is used lor fitted weight portions of the tarfous personnel pro- 
vision Items, -me user nmy sum tee typical values shown m Table 9, ,. 1 and input as one 
number. This coelficlent may also be used to Inptt a fixed weight for the total personnel 

provision. When scaling is mi, desired. When q76, is used lor tel. pun».e tee coeflicients 
C(74) and C(75) must be set to zero. 
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Table 9. 1. 1. Typical Personnel Provisions Input. 


SYSTEM DESCRIPTION 

C(74) 

C(75) 

C(76) 

Equipment Environmental Control 
Booster 
Orbiter 

0.00015 

0.001 

- 


Personnel Environmental Control 
Booster 


100 


Orbiter 

- 

300 


Coolant System 
Booster 


100 


Orbiter 

• 

200 

. 

Accommodations for Personnel 

B-70 Type Encapsulated Seat 


570 


X-15 Ejection Seat 

1 

300 


Gemini EjecUon Seat 

- 

220 


Lightweight Ejection Seat 
Conventional Crew Seat 

- 

100 

50-120 

- 

Fixed Life Support 
Booster 


10 


Orbiter 

- 

60 


1 Fixed Emergency Equipment 

0.0008 



Furnishings 

- 

SO 


Crew Station Controls and Panels 

• 

50 

350 
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10.0 DESIGN RESERVE 

10.1 DESIGN RESERVE - SPACE SHUTTLE 

10.1.1 CONTINGENCY AND GROWTH - Thn innit fnr j 

in me input for contingency and growth permits 

a proportion of dry weight and/or a fixed weight to be set aside for growth allowance, 
design unknowa. etc. The drj- weight Is summed by the equation: 


HDRY 


WSURF + WBODY + WTPS + WLRD + WPROP + WORSUL + 
WPOWCD + WGNAV + WINST -h WCOMM + WPPROV + WPOWER 


This value for dry weight is then used In the equation for contingency and growth which 

is: 


WCONT = C{96) * WDRY + C(162) 


WCONT 

WDRY 

C(96) 

C(162) 


Weight of Contingency and Growth, lbs 
Stage Dry Weight, lbs 
Contingency and Growth Coefficient 
Fixed Contingency and Growth Weight, lbs 


The coefficient C{96) is an input coefficient to provide a percentage of dry weight for 
contingency and growth. The input value for C(96) is the users responslbUity as to the 

percent he wants to allocate for this purpose. If io% is desired the coefficient is input 
as 0. 10 or 15% is 0. 15, etc. 


The coefficient C(162) is used to input a fixed weight to the growth and contingency cal- 
culation. This Input may be positive or negaUve. An additional use for this coefficient 
would be to input ballast weight if required. 
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e„ scaling u not dootrod, Uds cootflcleM nuty bo „.ed to b.p„t . fUed weight for co„. 
fUigcocy, growth or baUaet. tVTea C„62, ia used for OUs purpose die ec^fficteot C,«) 

ows. be set d> aero. Ihe eoefflcleats C(P6) and qi62) are both iuittailaed a, aeto sod 
Will not be used unlesa a value (+ or -) is input. 


The weight emp^ Is summed by the equation: 


WEMPTY = WDRY + WCONT 
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11.0 PERSONNEL 

11.1 PERSONNEL - SPACE SHUTTLE 

11. 1. 1 CREW AND CREW UFE SUPPORT 
accessories as well as the crew life support. 


Inis section include.s the crew, gear and 


. crew, sear aad accesso«ea inCades crew, 
preaae. ..a, .ead .ar, PeU pac^. ^rseaa. paraCa.a, p„^,e 

-pa, ^ea,s, ponad.e „re e«.^a.„ra, .ar„..„a„ee ,c„,3, e.c 

input values for the crew srf^-ir oraa ^ ypitaj 

cw, gear and accessories are shown in Table 11. 1 . 1 . 

The crew life support includes food water nortohia. . 

kits etc Tvoical it? ' ^ners, medical equipment, survival 

k.ts, etc. Typical input valves for crew life support is shown in Table 11. i. f. 

crew and crew life support system weight is a function of crew sire and fuced weight 
Items. The equation fo,v crew and crew life support weight is: 


WPERS 


C(97) • NCREW ^ C(98) 


WPERS = Weight of Crew, Gear and Crew Life Support, lbs 

NCREW = Number of Crew Members 

C(97) = Crew Weight Coefficient 

C{98) = Fixed Crew Weight, lbs 

c,«, . „,ad . acade .e ccew and cccw.Ue a„pp„„ w.. c„w aiae. 

TpplaU values for tte crew dopeadeat weight la ahowa la Table 11, l, i. 


GDC-DBB70-002 


»emcie., qoa, „3ad for ««a or., m. .oppor. we,^,. a .opo. f„r 

C(98, .. .how. Toblo a. be „«.) h. h.p„. . , 3 ,^, 

for crow and crow 1 „. ,„ppo„. Who. qf-a, 1 , c«d for d... p„n».. df. oooffloi... qm 
must be set to zero. 


Table 11 . 1 . 1 . Topical Inputs for Crow and Crew Life Support. 


description 

C(97) 

C(98) 

Crew, Gear and Acoesaories 
Crew Life Support 

180-250 

75 

— 


96 
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12.1 PAYLOAD - SPACE SHUTTLE 

12 . 1.1 Q^RGO - Tni Space Shuttle payload/cargo weight for the orbiter is calculated 
by the fallo.ving equation: 


WCARGO 

C(102) ♦ NPASS C(103) 

W CARGO 

Weight of Payload/Gargo, lbs 

NPASS 

Number of Passengers 

C(102) 

Payload/Cargo Weight Coefficient 

C(103) 

Fixed Payload/Cargo Weight, lbs 


•n.. »«£flcle„l C.02) „zcs the peyload/cnro a. a „( p.„„ger aUe Thla 

tapat 1. (or U.e weight of funushlhga aad support equipment aeeootaw with number o( 
passengers but does not include weight of passengers. 

Kie ooefflelem C„03, ,s ueed to input a (bted weigh, m the payload/eargo ealeulaUon. 

™. input may be poeitlye or negative. The coefficient C(103) may alao be need to ioput 

a fixed paylomi/cargo weight when aeallag 1. not desired. In addition. Uila ooeffldent 

nmy be elonlated for Uie fixed gtoea weight opuon. If elUier of the buit b™ epaena are 

need the eoefffelen, C,1C2) meat be aet to xeK,. When Uie fixed groe. weight option la 

used the C(103) Input la a eaHmate that la uaed m the first pmia only. The omfflelents 

C(102) mid C(103) are both InlHatlaed at aero and will not be need nnlea. a value (- or -) 
la input. 

The weight of passengers are computed by the equation: 


WPASS 


C(104) ♦ NPASS + C(105) 

WPASS 

s 

Total Weight of Passengers, lbs 

NPASS 

= 

Number of Passengers 

C(104) 

=: 

Passenger \\bight Coefficient 

C(105) 


Fixed Passenger Weight , lbs 
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coeffioieo. q, 04 , I, u.. vary ,. U> U,e 

type of passenger assumed by ta*>e user. 

Tire coafficrea, C,>„5, aaad u, iapa, a ,Uad waigh. «, «re pasaeager caicuIaUoa. TMs 
mput avry be po.lllve or aegatlve. TbJ. coajtlcleat may al«, be uaed to lapal a fiaed 
paaseager weight wbea aeailag la not dealred. Whm. C(105) la naed for thla paipose the 
coelticteat C(104, n.„at be aet to zero. The coe£Iloteata C(1(M) mid C(105) are both 
initialized at zero and wlU not be uaed tmleaa a value (e or -) la Input. 

The normal booater payload weight la equal to the arbiter groaa weight. Thla 
operation is accomplished by inputing the booster coefficients C(102). C(l03), 

C(104) and C<105) equal to zero. When the orbiter gross weight has been calculated 
the value is stored in C(l05) for the booster iterations. If additional payload is 
desired on the booster stage it may be added as qi 03 ). 


The total payload weight Is summed by the equation: 


WCARGO + WPASS 
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13.0 PROPELLANTS 

13.1 propellants - SP.A CE SHUTTLE 


^3. 3 . PR0P.3,3.«XS SEBV.CE .XEA.S - X3B, .ecU„„ U.3 


.n n.„« cn.cs the at,owa„ccs nee .chitcr, « o.e d..c„a<». .bc ^ 

TI T", “^8'= Ssomclrie. 

:rr: 

verted to the terms required by the program equations. 


The weight of trapped 
eqiwtion: 


jrases for pressurization and 


purge is calcialated by the foUowing 


WGASPR 


CO06) * VFUTK t- C(107) * VOXTK + C(108) 


WGASPR 

\TUTK 

VOXTK 

C(106) 

C(107) 

C(108) 


Weight of Pressurization and Purge Gages, lbs 
Total Volume of Fuel Tank, ft^ 

Total Volume of Oxidizer Tank, ft^ 

Fuel Tank Gas Weight Coefficient, Ibs/ft^ 
Oxidizer Tank Gas Weight Coefficient, Ibs/ft^ 
Fixed PressurizaUon and Purge Gas Weight, lbs 


The coCiciento C,.06) and q.OT) acaie, the ^ ^ 

volTimes. respectively. Xho input value tor these eoefflclents depends upon 
design and requirements set by the user. 


oxidizer 
the specific 


The ooetflclent C(10S) le a fixed Input to the pree.uria.Uoh and pur,, ete caleulation 
™s injut nuty be peelUve or negnuve. ihie ceemCeM nuty al». be to u,p„, . 
fixed preoeurlraUen and purge gas weight when eetUlng is not desired. When C(108) Is 
unod for this purpose the coefficients 0(106) and qiOT) must be set to zero Xlie 

ccelflclent. C„0C,, C(107) mid C(108) are all InlUallzed at ze„ and wIU be used 
unless a value (+ or -) is input. 
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The trapped fuel is defined as that amount of fuel trapped In the main tank and canno. be 
exp(,nded for main Impulse. The equation for trapped fuel weight is; 


VVTUTHP = 

C(109) • UTUrOT * C(225) • WP . 1,226) • TTOT * C(n0) 

WFUTRP = 

Weight of Trapped Fuel, lbs 

WFUTOT = 

Total Weight of Fuel, lbs 

WP 

Total Weight of Propellant, lbs 

TTOT 

Total Stage Vacuum Thpjst, lbs 

C(109) 

Trapped Fuel Weight Coefficient f(Fuel Weight} 

q225) 

Trapped Fuel Weight Coefficient f(Propellant ’Veigbt) 

C(226) 

Trapped Fuel Weight Coefficient f(Thrust) 

C(liO) 

Fuced TrapjHJd Fuel Weight, Ib.s 


The trapped fuel may be scaJec. as a Uinction of total fuel wei^t, total propellant weight or 
total thrust. The input value for these ooefticlents vtill vary as a function of design and 
pi'jpellant type. However, if speciiic design detail Is noi known, the following set of input 
data may be used as typical values until specific data is available. 

FOR LH2 FUELED VEHICLES 


Orbiter 

C(109) = 

0 

C<225) = 

0,0011 

q226) = 

0.000062 

qiio) = 

0 

Booster 

C(103) = 

0 

C(225) - 

0,0011 

C(226) = 

0,00015 

qilO) = 

0 


FOR RP-1 FUELED VEHICLES 


Orfalter and B«x>ster 
C(109) = 

C{225) 

C(226) = 

C(llO) = 


0.006 to 0.010 
0 
0 
0 
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The C(„o, . foced input to d„t t«pp«d toe, e.Ue„„.,„„. Tlu, tope, 

be poaUive eegeHve. :n.e eoemctop, nto, „» be need to u.p„, . ,bted trapped toe, 

weight When acalteg to to,t dee, red. When C(„o, to „aed tor thto pun».e toe ceefficieeto 

C(109). C225, and C(226) ntuat be set to zerr. AU tour <»eeteiento in toto equation are 
initialized at zero and wlB not be used unless a value (+ or -) is input. 

The trapp„i oxidizer to detlned aa that amount of oxidizer trapped in the main tank and 
■annot be expeitoed tor main impulae. Ibe equaUon tor trapped oxitozer weight ta: 


WOXTRP 


C(H1) ♦ WOXTOT + C(227) ♦ WP + C(228) ♦ TTOT + C{H2) 


WOXTRP 

V/QXTOT 

WP 

TTOT 

C(lll) 

C(227) 

q228) 

C(112) 


Weight of Trapped Oxidizer, lbs 

Total Weight of Oxidizer, lbs 

Total Weight of Propellant, lbs 

Total Stage Vacuum Thrust, lbs 

Trapped Oxidizer Weight Coefficient f (Orbiter Weight) 

Trapped Oxidizer Weight Coefficient f(Propellant Weight) 

Trapped Oxidizer Weight Coefficient f(Thrus^ 

Fixed Trapped Oxidizer Weight, lbs 


The trapped cxidlzer may be scaled as a funcUon of total oxidizer weight, total propellant 
weight or mtal thnist. The input value for this coefficients will vary from one design to 
another. However, if specific design detail Ls not known, a typical input value for the 


orbiter of qiii) = o, q227) = 0. 0005 and C(228) = 0.00114 may be used for a liquid 

oxygen system. Topical values for the booster of C(lll) = o, C(227) = 0.000395 and 
C{228) = 0.0 )095 may be used. 


Ib. uzmaiuton. C.,2, to a ,toed top,, to ton .znppnd „x,d,z.z oalcutoUun. -n.to topu. may 
bn uz nngad., n„a,toton. ma. aino bn unm, to topuZa ,tond .zapqmd »x,d,znz 

wn.gb.abzn ncaltog to no. dnntond. Wbnn C,U2, to „.nd tor toto purpnnn ton onnainlnnto 
<ni), C(227) and C(228, mua, bn ,n. to znm. A,, tour nontflclnnto to toto oqu.Uo., am 
initialized at zero and will not be nsed ..mless a value (+ or -) is input. 


The trapped service items are calculated by the equation: 
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WSRTRP 

C(113) * WWAIT (1) + C(ii4) 

WSRTRP 

Weight of Trapped Service Items, lbs 

WWAIT(l) 

Weight at Ignition, lbs 

C{113) 

Trapped Service Items Weight Coefficient 

C(i:4) 

Fixed Trapped Service Items Weight, lbs 

The coefficient C(113) 

scales the trapped service items weight as a fi 


This input is determined by the user as some percent value. 


The coefficient C(114) Is a fixed input to the trapped service item calculaflwi. This input 
may be positive or negative. This coefficient may also be used to input a fixed trapped service 
item weight when scaling is not desired. When C(114) is used for this purpose the coefficient 
C(113) must be set to zero. The coefficients C(113) and C(ll4) are both initialized at zero 
and will not be used unless a \'alue (+ or -) is input. 

The total weight of residual propellant and service items is summed by the equation: 


WRESID 


WFUTRP + WOXTRP + WGASPR + WSRTRP 
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13.1.2 reserve PROPELLANTS AND SERVICE ITEMS - Thi. «,cOo„ tocludes 

reserve pr„rx,Il„, sRuaBon, lor R,e mMp lnip„I« luel and oadlzor, R.e a„R.,de control 
propcllanti!, the power source ptopellants and the service Items. 

The smln impulse propellant reserves may be eompuled Irom the mass rauo and mixture 
ratto, as a percentage of the main Impulse fuel and oxldlaer welehts or input as fixed 
we,gl,ts. Dic eouationa for caleuiatlnE the main impulse reserve fuel and oxldlaer weight. 


VVFURES 

C(115) * WITJEL (3) WFUEL (4) + 

WOaXRES 

C(117) ♦ WOX (3) + WOX(4) + C(118) 

vVFUItES 

Fuel Reserve, lbs 

WKUEL(3) - 

Weight of Main Impulse Fuel, lbs 

WFUEL(4) = 

Main Impulse Fuel Reserve, lbs 

WUXRES 

Weight of Oxidizer Reserve, lbs 

WOX(3) 

Weigdit of Main Impulse Oxidizer, lbs 

WOX(4) 

Main Impulse Oxidizer Reserve, lbs 

C(115) 

Fuel Reserve Weig^it Coefficient 

C(H6) 

Fixed Reserve Fuel Weig^it, lbs 

C(H7) 

Oxidizer Reserve Wright Coefficient 

C(118) 

Fixed Reserve Oxidizer Weight, lbs 


The eoeffldent. C(li5) and 0(117, seales the reserve fuel and oxldlaer weljhts as a function 
of the main Impulse fuel andoxldlzer weights, respectively. Typical input values lor C(U5, 
and qil7) win vary from C.05 to 0.20. When the reserve pmpellmits are ealeulated as 
a iunetlou of main Impulse propellant weight, die reserve propellant maas n,tlo and mixture 
ratio (MR(4» aid CFUEL(4) ) must bo set to aero, nils results In a ealeulated value of 
aero for WFUEL(4) and WOX(4, widch are used in Urn prevlauely described equaUon. 
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If Oie r«.«r*. fuel md oMdUer welgbt. «e to be oomputod u . fuucttou of mu, ratio 
and mixture ratio then the ooetfloionte C(115) and qilT) muat be net to aero. The 
reserve propeUmil maa. ratio (MR(4) ) 1. Input a. a ratio or m, a delta velomt, to ft/soc 
If a delta velocity Is Input « will be converted to a toae. ntUo value within the piogrm.. 
to addition the reserve propellant mixture ratio and specific Impilae (CFUELft) and 
ISP(4)) must also be Input. The weight of WFUEL(4) and WOX(4). for the previously 
described equation is then computed by the foUowlng equations: 


WFUOX 

WWAIT(4) * (MR(4) - l.)/MH<4) 

WFUEL(4) = 

WFUOX * CFUEL (4) 

WQX(4) 

WFUOX - WFUEL (4) 

WFUOX 

Wei^t of Main Impulse Propellant Reserve, lbs 

WWAIT(4) 

Initial Orbit Welgjit, lbs 

MR(4) 

Reserve Propellant Mass Ratio 

WFUEL{4) = 

Main Impulse Fuel Reserve, lbs 

CFUEL(4) 

Reserve Propellant Mixture Ratio 

WQX(4) 

Main Impulse Oxidizer Reserve, lbs 


The input viUue for the mass ratio to left to the dlscroHon of the user. He reserve pro- 
peUant mixture raBo and ISP to normslly Input the same as the nmln Impulse propellants. 

The coefficients C(116) and C(118) are fixed tojxit to the reserve fuel and oxidizer cal- 

culatlone. These topute may be posluv. or negaUve. These ooefflclento may also be 

used to input fixed reserve fuel and oxidizer weights when ecslto* to not desired. When 

they are used for this purpose the coefficients C(11S) mid C(U7) and MR(4) must be set to zero 

AU four coefficients are Initialized at zero and will not be umul unless a value (v or -) 
is input. 
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The ACS propellant reaervee are compoted by tte equation; 


WACRES 

C(172) * WACSFO + C(73) 

WACRES 
WA CSFG 
C(172) 
C(73) 

Weight of ACS Propellant Reserves, lbs 
Weight of ACS Propellants, lbs 
ACS Reserve Propellant Weight Coefficient 
Fixed ACS Reserve Propellant Weight, lbs 


The coetliclent C,n2, aoalea the ACS reserve propellant weight a. a function of ACS pro- 
pellant weight. A typreal input value for C(172) will vary from 0.03 to 0.05. 

nc ^efficient c,73, Is a fixed input „ the ACS reserve propeUant calculation. This Inprt 
.hay ^ posltiv. or negativs. This coctliCent may also he us«, to Input a fUed ACS reserve 
Ptoiwllant weigh, when scaling is not desired. When C„3, i. used for Uds purpose die 

COC iciest C(172| must be set to zero. The coefficients C<172) and C(73) are both IntUalizcd 
zero and wUl not be used unless a value (+ or -) is input. 

The reserve power source propellants are computed by Urn equation; 


WPOWF.S 

C(119) ♦ WPOWFO + C(120) 

WPOWRS 

Weight of Reserve Power Source Propellants, lbs 

WPOWFO 

C(119) 

C(120) 

Weight of Power Source Propellants, lbs 

Power Source Reserve Propellant Weight Coefficient 

Fixed ReseiT'e Power Source Propellant^ lbs 


The coefficient C(119) scales the reserve power source propellants as a function of the 
power source propellants. A typical input value for C(119) will vary from 0.03 to 0.05. 
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The ooeffldeet C<120) i. . ,Ued tape, h, u.e «senre power eource propelhu,. eolcu..u„„. 
This input may be poelUve or negative. This coeHlclent may also be used to Input a Ilxed 
reserve power source propellant weight when scaling is not desired. When C(120) is used 
for this purpose the coefficient C(H9) must be set to zero. The coefficients C(H9) and 
C(120) are both initialized at zero and will not be used unless a value (+ or -) is input. 

The reserve service items are computed by the equation; 


WOIUIS = C(121) ■* WOIL + C(122) 


WOILRS 

WOIL 

C(12l) 

C(122) 


Wel^t of Reserve Service Items, lbs 
Weight of Service Item Losses, lbs 
Reserve Service Items Weight Cbefficient 
Fixed Reserve Service Items, lbs 


Hie coefficient C(121) scales the reserve service items as a function of the service item 
losses. A typical input value for C(121) will vary from 0.03 to 0.05. 


The coefficient C(l22) is a fixed input to the reserve service item calculation. This input 
may be positive or negative. This coefficient may also be used to input a fixed reserve 
service items weight when scaling is not desired. When C(l22) is used for this purpose 
the coefficient C(121) must be set to zero. The coefficients C(l21) and C(122) are both 
initialized at zero and will not be used unless a value (+ or -) is input. 

The total propellant reserves are summed by the equation: 


WRESRV 


WFURES + WOXRES + WACRES + WPOWRS + WOILRS 
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-a 3 ™ PUCHX L<»SPS - XV ,.3.3 

night except main impuJse propellants. 


The vented fuel and oxidizer is computed by the equations 


WFULOS 


C(123) * WFUTOT + C(229) * WP + C(124) 


WOXLOS 


C(125) • WOXTOT + C(230) * WP + C(126) 


WFULOS 

WFUTOT 

WP 

WOXLOS 

WOXTOT 

C(123) 

C(229) 

C<124) 

C(125) 

C(230) 

C(126) 


Weight of Vented Fuel, lbs 
Total Weight of Fuel, lbs 
Total Weight of PropeUant, lbs 
Weight of Vented Oxidizer, lbs 
Total Weight of Oxidizer, lbs 
Vented Fuel Weight Coetilcient 
Vented Fuel Weigjit Coefficient 
Fixed Vented Fuel Wei^t, lbs 
Vented Oxidizer Weight Coefficient 
Vented Oxidizer Weight Cbefficient 
Fixed Vented Oxidizer Weight, lbs 


f(TotaJ Fuel) 
f(Total Propellant) 

f(Total Oxidizer) 
f(Total PropellanQ 


The coefficients C<123) and C(125) scales the vented fuel and oxidizei 
fuel and oxidizer, respectively. Input values for C(l23) and C(125) w 
vehicles, propellants and trajectories so the selection of these value. 


a function of total 
vaiy with different 
left to the user. 


The coefficients C(229) and C(230) scales the vented fuel and oxidizer as 
propellant weight. Only one set of coefficients should be used at a time, 
C(125) or q229) and C(230), and the unused set should be zeroed out. 


a function of total 
either C(123) and 
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The ooefficlenta C(l24) and C(126) are fixed Inputs to the vented fuel and oxicLzer caloilatlons. 
These inputs may be positive or negative. These coefficients may also be used to input a 
fixed weight for vented fuel and oxidizer when scaling is not desired. \^T,en C(124) :u^ri Cn 26) 
are used for this purpose the coefficients C(123), C(229), C(125) and C(230) must all be 

set to zero. All six coefficients are initialized at zero and .vill not be used unless a value 
(+ or “) is input. 


The attitude control system propellants are calculated by the equation: 


WACSFO 


C(173) * WTO + C(174) • WWAIT (4) + C(175) 


WACSFO 

WTO 

WW'A1T(4) 

C(173) 

C<174) 

C(175) 


Wel^t of the ACS Propellant, lbs 

Take-off Weight, lbs 

Ini. d Orbit Weight, lbs 

ACS Propellant Weight Coefficient f(WTO) 

ACS Propellant Wel^t Coefficient f(W'WAIT(4)) 
Fixed ACS Propellant Weight, lbs 


The coefficients C(i73) and C(174) scales the A CS propellant as a function of take-off weight 
or orbit weight, respectively. Typical input values for the orblter ACS propellant weight 

are C(173) = 0 and C(174) = 0. 0042. Typical Input values for the booster ACS propellant 
weight are C(173) = 0 and C{174) = 0.003. 


The coefficient C(175) is a fixed input to the ACS propellant calculation. This input may be 
positive or negative. This coefficient may also be used to Input a fixed ACS propeUant weight 
when scaling Is not desired. When C(175) la used for this purpose the coefficients C(173) 
and C(174) must be set to zero. The coefficients C(173), C(174) and Cfi-^-S) are all initialized 
at zero and will not be used unless a value (+ or -) is input. 
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The power source propellaiita are computed the equaUon: 


\vr*owFo 


Q3«) • WWAIT(6) ♦ C(127) 


WlH)WFO 

U'U'AIT(rt) 

<<3H) 

Q: 7) 


Weight of Power Source PropeUants, lb» 
InllLU Entry Weight, lbs 
Power Source Propellant Weight G, efficient 
FUed l\jwur Source Pro}),>lIant Weigtu, lbs 


The coefficient C(38) scales the power .source prx^pellant weight as a funcuon 
weight. A typical orbiter mput value for C(3 h) will vary fmn, 0.008 to o.ui. 
boosU,-r input value for C(38) will vary from 0.0003 to o.uooi. 


ul vi'hirle onirv 

A typioaJ 


rhi cotdKi. nt C(U7) 19 a luced mput to lh« powar «ourt« prupellanl eajt-ulatliin This 

mps. he posmvo or xhl. co.rf«c,.„, „av also he ssed h> ,„p„. a „se,l poser 

source prep„„a„, ^ ^ 

uie coemelep. C,3S, must he ,e. Ui ae„. Th. a»«,e,e„ts c,3s, ah., C„s„ a.e h.-u. 
inlUalhied at aero and wit, no, be uaed uhleaa a ealue (. or is input. 

Hie weight o( service Item losses aro computoi by Uu, equaUon: 


WOIL 


C(130) * TTOT ♦ C(12l) 


WOIL 

TTOT 

C(130) 

C(131) 


Weight of Sertice Item Losses, lbs 
Total Stage Vacuum Thrust, lbs 
Sendee Item Losses Weight Coefficient 
Fixed Sendee Item Losses lbs 


2 c,.3„, acaie. die aervle. m.... .. . 

yp oa, orbib,, ippu. vtUus. ,.r C<|30, will wary Iron. 0.00, b, 0.003. boo.,., ' 

npu values for Ql30) wUl vary from 0.00002 to .00004. 
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Ihe .x.eaiu1«nt C'(131) Is - fu<sl Input to the .enrloo item Ioh.s c.-Uc-uJatlon. This Input may 
or r,«iuti vc. Ihu. <x, off, dent may also be uschI u> input a fOctHl service item loss 
wtua, is not When qi31) la used foi Uus purpose Uie ooemdent 

‘ i 1.1") musi u. set u, y,ero. n.. cxietflclenU. C(130) and C(13l) are both initialized at zero 
All. not u/it‘d iinlrriri zi v:tJuc* {♦ or *-) iA input, 

n,.- an., frost udKht ,s a.aounU-d for by the .Kfuation WfUusT ^ C,(78). The coefficient 
‘ «?«) is * fixed in, ut for IL.- ,u,.J f.-ost. l-he vidue of C(7«) dup-auls on the configuration and 


rnuttl tie etiUiruteii by l>u: uhef. 

I lit weight of alrbreathing fuel, Ahich la used for flyback and landing, la 
fMjuatioM: 


computed by the 


VV'ABFU 


C(214)/fl X C<214))* W-WAIT ^-) ^ C(2l5) 


WAUFU - Weight of Airbreathing Fuel, lbs 

WWAIT^) - Vbhiele Fntry Weight, lbs 

^ Flytmck Mass Ratio Minus 1, 

^215) « Fixed Flyback Fropellant Weight, lbs 

Fhe C(214) value for the orbtter stage Is Input by the user and held oonstant fo; a given run. 

The C(214) value for the booster is an inlUal estimate and Is updated within the synthesis 
program. 

The ooeffldent C(215) Is a fixed Input to the slrbreathlng tuel calculation. This input may be 
poalUve or negative. This coefficient may also bo used to input a fixed airbreathing fuel 
weight. When q215) is used for this purpose the Input Ji the subroutine that calculates 
C(214) must be such to produce zero for that ooefrident. The coefficient C(215) Is initialized 
at zero and wUl not be used unless a value (> or -) is Input. 

The total weight of the in-flight losses is summed by the equation: 

WLOSS 3 WrULOS .*• WOXLOS + WACSFO + WI>OWTO + WOIL 
+ WABltS + WFROST 


WWAIT(6) 

C(214) 
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13.1.4 thrust DECAY PRO PET I - tk 

PROPELLANTS The thrust dec:iy propellants are calculated by 
the equation: ^ 


WDECAY 

C(166) ♦ TTOT + C(167) 

VVT3ECAY 

TTOT 

C(166) 

C(167) 

Weight of Thrust Decay Propellants, lbs 
Total Stagu Vacuum Thrust, lbs 
Thrust Decay Propellant M eigbt Coefficient 
Fixed Thrust Decay Propt'llant Weight, lbs 


The ccetfloien. C,106) scale. U.e thres. decay propellaa. a, a f„„etlc„ o, touu vncaa» ftres. 

The iapa. valee loc C„66, depend upon the type o, ,.gh,e .ad .a,., he c.tl„aau,d hy .d.e ’ 
user. 

Ihe coetflclcat c,.6„ ,e . ,p,.ed laput h, the thrust decay p„pel,.„. calculaBoa. Tht, Input 
may be positive or negative. This coettlclent may also he used to Input a lixed thrust decay 
propellant weight when scaling Is not desired. When C(167) Is used tor this purpose the 

coefficient C(166) must be set to aero. The coeffioieuts C,.g6) and C,167) are both laltlallaed 
at zero and will not be used unless a value (+ or -) is Input. 

ine mtai hirust decay propeUaat weight, are auh.d,..dad Into fuel mid oxldiaer by the cuatlcna: 


WFDCAY 

WDECAY * CFUEL (3) 

WODCAY 

WDECAY - WFDCAY 

WFDCAY 

Weight of Tlirust Decay Fuel, lbs 

WDECAY 

Wei^t of Thrust Decay Propellants, lbs 

CFUEL(3) 

Main Impulse Propellant Mixture Ratio 

WODCAY 

Wei^t of Thrust Decay Oxidizer, lbs 
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13.1.5 MAIN IMPULSE PROPELLANTS - The main impulse propellants are computed 
by the equation: 

WFUOX 

WWAIT (2) ♦ (MR (3) - 1.0)/MR(3) 

WFUOX 

WWAIT(2) 

MR(3) 

Weight of Main Impulse Propellant, lbs 
Take-off Weight, lbs 
Main Impulse Mass Ratio 

Tl.e main impulse propallaat weightis then sub-divided into fuel and oxidizer weight by the 
equatlona: 

WFUEL(3) = 
WOX(3) 

WFUOX ♦ CFUEL (3) 
WFUOX - WFUEL (3) 

WFUEL(3) 
WFUOX 
CFUEL(3) 
WOX (3) 

Weight of Main Impulse Fuel, lbs 
Weight of Main Impulse Propellant, lbs 
Main Impulse Propellant Mixture Ratio 
Weight of Main Impulse Oxidizer, lbs 



U.l.» THRUST BUILD-UP propellants — The thni.t buUd-up propelBmte may 

V--- -f urn U.P.. „ 

wMch may b. a maaa ratm vala. „r S.1U V. H dalu V mp„. u «u ba l, 

«».. raoo prior to use u. tte thrust buHd-up prupeUaat calcuUtto. 


The following equations 


are used for the thrust build-up propellant calculations: 


WFUOX 


WWAIT(l) * (MR(l) -1)/MR(1) 


WFUOX 
WWAIT(l) = 
MR<1) 


Weight of Thrust BuUd-up Propellants, lbs 
IgnlUon Weight, lbs 
Thrust Build-up Mass Ratio 


The thrust build-up propellant weight is then sub-divided 
the equations: 


into fuel and oxidizer weight by 


WFUELfl) = 

WFUOX ♦ CFUEL(l) 

WOX(l) 

WFUOX - WFUEL(l) 

WFUEL{1) = 

Weight of Thrust Build-up Fuel, lbs 

WFUOX 

Weight of Thrust Build-up Propellants, lbs 

CFUEL(l) = 

Thrust BuUd-up Mixture Ratio 

wax(i) 

Weight of Thrust Build-up Oxidizer, lbs 


The thru., build-up prupellauts may be input as a Ilaed weight to Ueu o. computatto. 
The fixed weights are accounted for by the equations: 


WFUEL(l) = WFUEL(1) + qi32) 

WOX(l) = WOX(l) + C(133> 


WFUEL(1) = 
WQX(l) 


Weight of Thrust Build-up Fuel, lbs 
Weight of Thrust Build-up Oxidizer, lbs 
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qi32) = Fixed Thrust BuUd-up Fuel Weight, lbs 

qi33) = Fixed Thrust BuUd-up Oxidizer Weight, lbs 

The ooefficients C(132) and C(133) are both initialized at zero and will not be used unless 
a value (+ or -) is input. 

13. 1. 7 PRE-IGNITION LOSSES — The pre-ignition losses are accounted lor by the 
equation: 

WPREIG = qi34) 

The coefficient Q134) is a fixed input for pre-ignition losses and must be estimated by the 
user. 


The total weight of the main fuel and oxidizer is summed in the propellant calculaUon loop 
by the equations: 


= WFUL + WFUEL(^ 

WCKID = WQJOD + WaXID 

where WFUEL(1) and WOXIDQ represent the fuel and oxidizer weights for flight Phases 1 
throu{^ 3, respectively. 

The total weight of fuel and oxidizer, respectively and the total weight of propeUants are 
summed Iqr the following equations: 


WFUTOT 

WOXTOT 

WP 


WFUL + WFURES + WFULOS + WFUTRP + WFDCAY 

WQXm + WOXRES + WOXLOS + WOXTRP + WODCAY 
WFUTOT + WOXTOT 



I 
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13.1.8 secondary PROPELLANT WEIGHTS - The ■eooBda«, n 

propellants are used for 

orbital transfer, retro thrust, major maneuvers and de-orhit « 

““nourors ana de-orMt maneuvers. Tlie equations 

for secondary fuel and ooddlzer wel^ita are: 


WFU2(i) 

VV0K2(1) 


WWAITfe) • (MR(6)-1.)/MR(5) * CFUEL(5) 
WWAIT^) * (MR(5).1.)/MR(6) • (i. . CFUEL(5)) 


WFU2(1) 
WWAIT(5) = 
MR(5) 

CFUEL(5) = 
WOX2{l) « 


Wel^t of Secondary Fuel, lbs 
Initial Entry Weight, lbs 
Secondary Impulse Mass Ratio 
Secondary Impulse Mixture Ratio 
Weight of Secondary OackUzer, lbs 


The following relatlonshlpa are utilized for performance calculations: 

WFUEL(5) = WFU2(1) 

WQX(5) = WOX2(l) 

The total weight of main Impulse and secondary propellants are summed by the equaUon: 


WFUQX = 

WFUL + WQXID + WFU2(1) + WQX2(1) 

WFUQX = 

Weight of Main and Secondary Propellant, lbs 

WFUL 

Weif^t of Main Fuel, lbs 

WQXID = 

Wel^t of Main Oxidizer, lbs 

WFU2(1) = 

Wolfijit of Secondary Fuel, lbs 

WQX2(1) « 

Weight of Secondary Oxidizer, lbs 


The term WFUQX Is used for temperary storage In previous calculations of thrust buUd-up 

and main Impulse propellants. However, the term as defined hero Is the exit condition of 
WFUQX. 
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13.a.» STAGE WEIGHT OONBmONS- Tl.. VArtow, ^ 

the wet .eight, zero fuel .eight, tlce-oB .eight, groe. .eight zed a., net rteg. ..igh,. 
The vehicle wet weight is Bununed by the equation: 

WWET = '^MPTY+WRESm+WPERS + WPAYL+WRESRV 

The vehicle zero fuel weight is sununed by the equation; 

WZROFU = '^et+wfulos + woxlos + wacsfo + wpowfo 

+ WOIL + WABFU + WFROST 
The vehicle takeoff weight is summed by the equation: 

WTO = WZROFU + WFUQX + WDECAY - WFUEL (1) - WOX (1) 

The vehicle gross weight is summed by the equation: 

WGROSS = WTO + WPREIG + Wp*UEL(l) + WQX(l) 


The net stage weight is summed by the equation: 

WTABC = WGROSS - WPAYL 

13.1.10 STAGE PERFORM.ANCE WEIGHTS - The stage performance weights Include 
ignition, take-off, burnout, initial orbit, initial entry, initial flsdrack and landing wel^t. 

Ignition weight is designated by WWAIT(l) and is computed by the equation: 


WWAIT(^ 


WGROSS - WPREIG 


Take-off weight is designated by WWA1T(2) and is computed by the equation: 
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WWAIT(2) . WWAIT, 1 ) - WPUELn) - WCK(l) . WJET(l) 

B„n»™, weigh, 1 . je„gh.teg hy WWAIT(J) .hd ,. comp,^,^ hy Uie 

WWAIT(3) . WWA1T(2) - WFUEL<2) - WCW(2) - WJET(2) 

tolHld orb,, W«gh, 1 , doalghated by WWAIT(4, «| Ul eo«.p„ted by U» . 0 ^ 

WWAIT(4) = WWAIT,3) - WFUEL(3) - WOX(3, . WJETR) 

Ibiui e»,nr weigh. 1. de.lgh.ted by WWArrp, „d te c„tep«.d by tee - y. 

WWAIT(5) = WWAIT(4) - WJET(4) 

Initial flyback weight Is designated by WWAIT(6) and Is computed ly the equation: 

WWAIT(6) = WWAIT(5) - WFUEL{5) - WQX(5) - WJET(5) 

Landing weight Is designated by WWAIT(7) and Is computed by the equation: 

WWAIT(7) = WWAIT(6) - WABFU 

13. ,.n JETTISON WEIGHTS - -me Jem«,. welghte for e.oh phteie .re eomputed by 
the following equations: 

WJET(l) = 0 

WJET(2) = 0 

WJET(3) = WFROST 

WJET(4) . WFUTRP r WOETEP r WSHTRP 4 WDECAY r WFURES r wo vhwo 

WJET(5) . WACSrO+WFOLOS+WOXLOStWPOWFO + WGASPR+WACHES 

+ WPOWRS 
WJET(6) = 0 
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SECTION n 

DESCRIPTION AND INPUT 
FOR 

GEOMETRY EQUATIONS 
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SPACE SHUTTLE 

Th. bod, bb. b.„ . „.„.b.r 0 . ..b-volu^.,. 

It. rtaro to tt. B.d „dgbt of tb. ^blclo. Volomo. of item. «.lcb .re out.Ide lb. 
body «n.cb„..l eovefop. b... t. g„.r.. ^ ^ 

to «btcte..t.i.,. ^ ^ 

caJll.^ for tbi. loforoftloo. E«.„«l a»m«I protectl™. 1. deluded tn» «,to. 
calcnilatloDs. 

W.tblo tb. bodr vow. ool, tbo» lodlvlduol vow. wUd, ^ 

»,o.ll«. «. o.lo„l...d .ep.r.td,. AU otter trttbtt tb. bod, «. l«mp«f ttWr 

.. ••ml.cU«.«». volon.... For tt.tt.c. tt.r. or. «, p,ogr«. r«,a„««, for tt. 
vTtoo. »b.,w b., volon..., ». ttq, « not broitt. <«. ..o.I.o.awu, 

volume" includes both unusable space and miscellaneous spaces. 

Tb. tlr.t .top in obUlnttg vohnn. toput d.tt I. to m«w tb. tottl bod, «,lon.. of tt. 
b...ltt. veblele. „ dr.™, um... tt. v^lol. 1. tt b. «.»d el... ttl. voW ,m cb..g. 

It 1. ool, inportttt for finding tt. perenttg. of ■■ml.o.Uttttoo. vohnn.". 

N«t. tt. lndlvldo.1 .ob-volnme. »lttln tt. bod, «. n>i..;tt.d (W. w of tt.« 

m.., vnr, 1. .Ulng, hot «. InlUal nontber 1. ro.pUr.d to find tb. on«.,,n.d volon.. p.rc«.t..*„: 

Main propulsion tanirt 
Propellant Insulation 
Personnel compartment 
Payload compartment 
Recovery system bays 

Structure (average structural depth x wetted area) 

Propulsion bays 

Tltto tt. n.tto.lhttK. 0 . volon.. b. dettrtthttd b, «nnn.lng lb. Wvohnn., ™d W 
tracting from the total bo<fy volume. 

u«l,. tb. «,lon.e wtlOtt. wblcb .r. .wllcnbl. tt lb. «ttlcl. being con.ld.r.d « ,o™«i 
to determine wb.t h.pot. «. ......... tt drlv. tb. mpmuon. properl,. All 

..r. pr..« tt nero. .o tt.. a noo-.ppllc.bl. Ittm .mod m>t b. .ottrml m, n.ro. All volon... 
are In cubic feet. 
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14.1.1 GEOMETRY SCALlNOCOEFnaENTS- H« »ctl« of WTSCB 

»«bro»tln. fimcao™ od th, prlndpl, d ptotoppphlcdl, «»lla* Iron, u lpp„t ~~nr— 

Thl. la acoompllabed Ihraigli Um uaa of acallag ooefflciaota tbat an darivad from a baaalma 
ooaflgaratloa ami romputad to tha STORE md,r««m.. Hm ,«,mator ooaOlcIrola 
to th. STORE aubroattoa aro tor borlaonlal atabUlaar plaaform araa, bodp waXad aroa, body 
pbmform area, vertical fto plaaform area, falrlag araa. body width, body bal(bt aad body 

laagtb. Ate»*tomadawltbaacba,uaaoatodatanaJaalflhalaputl.aaactual,alooora 
eoafficlrot. “ • <»>««iaeatto toput. tba aquattoa wlU ba by-pammd aad tttba aotaal valaa la 

topot It WIU ba coavertad to a coafflciaat. Ha eqaattoaa tor tbaaa ooaBlctoot. aro: 

If (CSHORZ . GT . 20.) CSHORZ = CSHORZ /SWING 

CSHORZ = Horizontal Stabilizer Planfonn Area or Coefficient, ft^ 

SWING » CSWING - Gross Wing Area, ft^ 

The inputs for this equation Is CSHORZ and CSWING . CSWING must be input as the actual 

value the program will set SWING . CSWING . CSHORZ may be input as a coefficient or 
as the actual value. 

If (CSBODY . GT . 20.) CSBODY » CSBODY/VBODY^^ 

If (CSPLAN . GT . 20.) CSPLAN = CSPLAN/VBODY^'^® 

If (CSVERT a GT . 5.) CSVERT - CSVERT/VBOOY*'^ 

If (CSFAIR . GT a 20a) CSFAIR - CSFAIR/(C8BODY • VBODY*^*) 

If (CBBODY a GT . 6.) CBBOOY - CBBODY/VBODY^ 

If (OIBODY a or a 5.) CHBODY ■ CHBODY/VBODY^^ 

If (CLBODY a GT , 20.) CLBODY • CLB<M)Y/VBOOY^^ 
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CSBODY = 

Total Body Wetted Area or Coefficient, ft^ 

VBODY = 

Total Body Volume, ft^ 

CSPLAN = 

Body Planform Area or Coefficient, ft^ 

CSVERT = 

Vertical Fin Planform Area or Cbefficient, 

CSFAIR 

Fairing Planform Area or Coefficient, ft^ 

CBBODY = 

Body Width or Coefficient, ft. 

CHBODY - 

Body Heitdit or Coefficient, ft 

CLBODY = 

Body Length or Coefficient, ft 


The terms CSBODY. CSPLAN, CSVERT, CSFAIR, CBBODY, CHBODY and CLBODY 
may be Input as actual values or coefficients. The term VBODY must be Input as the 
actu<^i baseline value. 

The pre-mentioned scaling coefficients are set on the Initial pass through the STORE sub- 
routine and then held constant as Input to the WTSCH subroutine. The vehicle geometry is 
lesized in WTSCH on each iteration using these coefficients. 
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14. 1.2 VEHICLE GEOMETHY The oxidizer tank volume may either be calculated, 

Input ae a fixed volume or zeroed out completely. The equation for calculating the oxidizer 
tank volume Is: 


yOKTK 

(WOXTOT/RHOK) * (K(2) + 1.) + K(29) 

VOXTK 

Total Volume of Oxidizer Tank, 

WOXTOT = 

Total Weight of Oxidizer in Tank; lbs 

RHOX 

Oxidizer Density, IbsAt^ 

K(2) 

Oxidizer Tank Ullage Volume Coefficient 

K(2^ 

Fixed Oxidizer Tank Volume, ft^ 


When the oxidizer density is input, the basic oxidizer tank volume will be cftinOwted using 
the calculated oxidizer weight. This value is then multiplied by the coefficient (K(2) + i. O) 
to aUow for ullage volume. The input for K(2) is provided by the user. A typical value for 
K(2) will vary from 0. 02 to 0. 05 depending on the percent of ullage the user desires. The 
coetiiclent K(29), in this equation, is used to add a fixed oxidizer tank volume to the cal- 
culation. This volume may be lor interoal bottlea, lines, etc. 

The coefficient K(29) may also be used to input a fixed oxidizer tank volume when scaling 
is not desii-ed. When it is used for this purpose the term K(2) is input as -1 and the 

first part of the equation is zeroed out. The oxidize r tank voliune is then established as 
VOXTK = K(29). 

The oxidizer tank volume may be zeroed out •x>mp!etely 1^ setting RHOK and K<29) equal to 
zero. When RHOX is equal to zero the program will 1^-pass the VOXTK equation. 




GDC-DBB70-002 


T).e oxidizer tank wetted area is obtained by the equation; 
SOXTK = CSOXTK ♦ VOXTK^'^^ 


SOXTK 

CSOXTK 

VOXTK 


Total Oxidizer Tank Wetted Area, ft^ 
Oxidizer Tank Sirface Area Coefficient 
Total Volume of Oxidizer Tank, ft^ 


The InsulaUon volume for main fuel and/or oxidizer tanks 


is computed by the equation: 


VINS'^’K 


K(3) ♦ SFUTX + K(25> • SOXTK + K(4) 


VmSTK 

SFUTK 

SOXTK 

K(3) 

K(25) 

K(4) 


Total Tank Insulation Volume, ft^ 

Total Fuel Tank Wetted Area, ft 
Total Oxidizer Tank Wetted Area, 

Average Fuel Tank Insulation Thickness, ft 
Average Oxidizer Taitk Insulation Thickness, ft 
Fixed Propellant Tank Insulation Volume, ft^ 


The inru. coeffieleete K,3) K,M, repreeenu 0.e average feel a»d oxldlaer had< 
thldtaesa la feet. A typical Input viUue tor K(.t, may be derived by dlvtdia, the Input value 
for C(«) by the InsulaUon density. A typical Input value for K,25) „n,, p, .Strived by 
dividing the input value tor 0(71) by Ute InsulaUon density, ne type of InsulaUon may vary , 
however, a typical density for microquartz is 6.2 Ibs/ft^. 


The Input coeHlelent K(4, ,s wed to toput a tUed propelimit ta.-* InsulaUon volume to the 

basic calculation. It may also be used to Input a fixed propellant Unk InsulaUon volume when 

scaling is no, desired. When K(4) Is used for Oils purpose 0.e coMtlelenU K(3) m,d K,25, 
must be set to zero. 
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TTe Ju.1 tank m., be either «lcetal«l or toprt „ . ,ued «huro. The - t-h- 

for calculating the fuel tank volume is: 


VFUTK 

(WFUTOT/RHOFU) • (K(l) + 1 .) + k(28) + K(21) 

VFUTK 

Total Volume of Fuel Tank, ft^ 

WFUTOT = 

Total Weight of Fuel in Tank, lbs 

RHOFU 

Fuel Density, Ibs/ft^ 

K(l) 

Fuel Tank Ullage Volume Coefficient 

K(28) 

Fixed Fuel Tank Volume, ft^ 

K(21) 

Fixed Fuel Tank Volumev ft^ 


WTien the fuel density is input, the basic fuel tank volume will be calculated using the 
calculated fuel weight. This value is then multlpll , ly the coefficient (K(l) + i. O) to 
allow for ullage volume. The injwt for K(l) will normally vary from 0.02 to 0.05 and is 
determined by the user brsod on the amount of ullage he desires. The coefficients K(28) 
and K(2i), in this equation are used to input fixed fuel tank volume to the basic calculation. 
This volume may be for pressurization bottles, lines, secondary tanks, etc. Two 
coefficients are provided so that volumes for different things may be kept as separate inputs 
If the airbreathing fuel is LH 2 the ooeffldent K<28) wUl be calculated by the equation K(28) 
WABFU/RHOFU. This provides a fuel tank volume scaling capability as a function of 
flyback fuel weight. The program tests on C(212) and C(213) for this calculaUon. 

The coefficients K(28) and K(21) may also be used to input a fixed fuel tank volume when 
scaling is not desired. When they are used for this purpose the term K(i) is input as 

-1 and the first part of the equaUon is zeroed out. The fuel tank volume is then est- 
ablished as VFUTK * K<28) + K<21). 

The fuel tank wetted area is obtained by the equation: 


SFUTK 

CSFUTK * VFUTK^^^ 

SFUTK 

Total Fuel Tank Wetted Area, ft^ 

CSFUTK = 

Fuel Tank ^rface Area Coefficient 

VFUTK 

Total Volume of Fuel Tank, ft^ 
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The secondary fuel and oxidizer tank volumes are calculated by the equations: 


VFUTK2 

S 

WFU2(l)/RHOFU2 

VFUTK2 

- 

K(7) 

VOXTK2 

= 

WOX2(l)/RHOX2 

V0KTK2 

= 

K(8) 

VFUTK2 

= 

Total Volume of Secondary Fuel Tank, ft^ 

WFU2(1) 

= 

Weight of Secondary Fuel, lbs 

RHOFU2 

= 

Secondary Fuel Density, Ibs/ft^ 

VOXTK2 


Total Volume of Secondary Oxidizer Tank, ft' 

WOX2(l) 

= 

Weight of Secondary Oxidizer, lbs 

RHOX2 


Secondary Oxidizer Density, Ibs/ft^ 

K(7) 

= 

Fixed Secondary Fuel Tank Volume, ft^ 

K(8) 

= 

Fixed Secondary Oxidizer Tank Volume, ft^ 


The fuel and oxidizer denslttes are input values and the weight of secondary fuel and oxidizer 
are calculated values. A test is made so that if the fuel or oxidizer densities are iiq)ut as 
zero the respective equation will be by-passed and the volume of fuel and oxidizer will be 
equal to the input values of K(7) and K(8) , respectively. 


VPROP 

=• K(16) * TTOT + K(17) 

VPROP 

3 

= Volume of Propulsion Bay, ft 

TTOT 

= Total Stage Vacuum Thrust, lbs 

K(16) 

= Propulsion Bay Volume Coefficient, ft^/lb 

K(17) 

= Fixed Propulsion Bay Volume, ft^ 


The input coefficient K(16) is used to scale the propulsion bay volume with thrust. This 
coefflcient is determined by measuring the propulsion bay volume on the baseline con- 
figuration and then dividing that volume ths hnaftHnA thrust. 
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Th. ooeftlctont K(17) 1, to taprt . prDpul.too b.y to ft. btodc 

Thl, corfnci™i ID., m«, b. totod to input . flx«j propuIrtoD !>., .h» ^ 

«.t d..ir«.. K(17) 1. „.«! tor ftft p„.p„«i ft. K(iq .tort b. «, to 

The payload b., I. Input .. a fbtod «Un.. nm «pnOi,y ,„r p.yto«I «,lton. ia: 

VCARGO = K(9) 

The input value for K(9) is established by the user. 

The crew compartment volume is calculated by the equation: 


VCREW 


K(6) * NCREW + K(6) 


VCREW = Volume of Crew Compartment, ft^ 

NCREW = Number of Crew Members 

“ Crew Volume Coefficient 

" Fixed Crew Volume, ft^ 

Th. input codfici^t K(5) i. „a«i to .cd. ft. crd. a.mp«rtin.nt ™luin. by crd. atao. 

Hi. UMr may input toiy d..ir, J volum. tor K(5), ho»o«,r. a typicd ™lu. would rto.*. 
from 100 to 150. 

Tb. oodfictont m 1. used to input a tiaod orew compaitnidit wiluin. to ft. budo cd- 
culation. TO. oodfidMt may dto b. u««l to input a fbtod crdr ootopartnuiat »Iuni. wl»n 

.cdlng 1. not dednuJ. Whan K(6) 1. ua«l tor ftl. pu^tod. ft. ooetlictont K(6) nuiot b. ad 

to zero, 

TO dludio. tor cdodating ft. looowry .yaton. bay (landing g..„ w,l„n>. la: 

VLGBAY = K(12) • WLG + K(13) 


VLGBAY 


Volume of Recovery System Bay, ft^ 

Total Weight of Landing Goar + Controls, lbs 
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K(12) 

K(13) 


Landing Gear Bay Volume Coefficient, ftMb 
Fixed Landing Gear Bay Volume, 


The input coefficient K(12) Is used to scale the reooveiy eystein bay voiume as a function 
of l«KUn, gear weight. 1 , 11 . input coefficient 1. determined by dividing the baeellne 
recovery system bay volume by the landing gear wei^t. 


The coelflolent K(13) le need to Input a fixed recovery ayeten. bay volume to the basic 
calculauon. If the K(12) ln,mt ecales toe volmn. to much the coefficient may be reduced 
and a fixed portion added to K(13) . Hie K(13) ooefflclent may also be need to Input a fixed 
recovery aystem bay volume when scaling Is not desired. When K(13) Is used for this 
purpose the ooefflclent K(12) must be set to zero. 


The body wetted area is scaled by the equation: 
SBODY = CSBODY ♦ VBODY^^^ 


SBODY = Total Body Wetted Area, ft^ 

CSBODY - Total Body Wetted Area or Coefficient 

VBODY = Total Body Volume, ft^ 

The volume token up by structure 1. based on toe body wettod area and average structuml 
depth, mrcludlng thermal protection outside of toe body rtmll. Tim 
volume is: 


VSTRUC 

K(10) * SBODY + K(ll) 

VSTRUC 

Volume of Basic Structure, ft^ 

SBODY 

Total Body Wetted Area, ft^ 

K(10) 

Average Body Structural Depth, ft 

K(ll) 

Fixed Body Structural Volume, ft^ 
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The corfBcta,. K(10) 1, 111 . rtnicturtl d««l. of ll» l«lc ,h.U iomm.o<| u, f«, 

TW. Iivot « 1 U. 1, MOMtod by th. „«r «d bM«l 0. a. boMlto. oooIlp,r.Uoo. 

He ooeClcl«l K(ll) I. . Iu«l l„p.t », a. rt.uce.nU voluea crtculetloo. nu, 

corttlctert bay rtrtib. to irtW . fUrtl rt„oe,rrt nUum. .heo .crtto, l, deelred. 

If it 18 used for this purpose the ooefflcieot K(10) must bo set to zero. 

All other vehicle voluio. not .ccounert tor In a. preonlln* nptoUoo. I. crtled "mlecellaneous 
volnm." even aouia U include, much .poc a.t I. uUllxrtl «, well .. uncrtile volume. 

The equation for misoellaneoua volume le: 


VOTHER = 

K(18) • (VBODY - VCAROO - VSTRUCJ + K(l^ 

VOTHER = 

Miscellaneous and Unused Volume, ft^ 

VBODY 

Total Body Volume, ft® 

VCARGO = 

Volume of Cargo Bay, ft® 

VSTRUC = 

Volume of Basic Structure, ft® 

K(18) 

Miscellaneous Volume Coefficient 

K(l^ 

Fixed Miscellaneous Volume, ft® 


The input coefficient K(18) la used to scale the miscellaneous volume as a funcUon of the 
usable internal volume. The baseline mlsceUaneous volume Is obtained by summing all 
the sub-volumes obtained from the baseline configuration and subtracting that from the 
baseline total volume. For some configurations It may be apparent that a portion of this 
miscellaneous volume will not vary with sizing (an equipment bay. for Instance) . This 
fixed volume may be input as K(19). The remaining miscellaneous volume Is divided 
by the baseline usable Internal volume to obtain the K(18) Input value. 

The Input coefficient K(l^ may be used to Input a fixed miscellaneous volume to the basic 
calculation. This coefficient may also be used to input a fixed miscellaneous volume when 

scaling is not desired. When K(19) is used for this purpose the coefficient K(18) must be 
set to zero. 
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M .Itonut. m«hod Of c.laa«tog th. 

foo«.„. ^ ^ ^ ^ 


anrf 


where 


VBODY 


VOTHER 


K(18) 

K(23) 


K(18) * (VFUTK + VCKTK) + K(23) 

VBODY - VFUTK - VOXTK - VINSTK - VCREW - VCARGO 
- VSTBUC - VLGBAY - VPROP - VFUTK2 - VCKTK2 

Slope of Body Volume Versus PropeUant Volume Qirve. 
Body Volume Intercept, ft^ 


A foo. f. ..d. oo K,I8, u. defonnfo. .Md. f. „«a. If K,I„ Uip« „ 

«». 1.0 tt»n U» iUton»te molhod 1. o«d. IV, foD„,rt,g «ep. nm.t b, tak,„ u ui. 
alternate method is desired. 

A g^ph of bod, ™i„.„o vor«oi ^ ^ oonflg„„u<,„, 

wnu. Figure 14.1-1. -"do nay b, done b,,M,Ulrtdn*.p„tot,^,„^,j„^, 
STOAtor t han the baseline vehicle Wi#K a t « 

UMvenicle. With. grei*MrtKwn in Figure 14. 1-1 the K(l 0 )arf 

K{23) input "'alues may be determined. 


K(23) 

K(18) 


Volume at Zero I^pellait Volume Intercept. 
iBody Volume - K(23) I /Propellant Volume 


The daa ubonn to Figure 14. 1-1 1. . areipto of to. lype of d.to to., na., be geueretod 
for «icb toaelto. oonflgureUon under con.ld.reUo.. n. d.to from Flipire 14. l-i „ 
not to be used as tsrplcal input for any given case. 

•n» idtern.,. method require. . IlM. more work to obtoln to. tolu.1 Input, but 1 , 
yields more accuracy in the final output. 
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GEOMETRY UP-DATE t'Ka An—#i ^ 

r UP DATE Th. ooBfieirttlon ,w«trj, I. „p*u«J on ..oh 

Itemtlon. •n..newtot1bod,«,I„nn,to««u«dbj,lb,«p,oo« 

VBODY . '’QXTK*VFUTK*VmSTO*VPROP*VCARGO.VCREW 

* VLOBAY » VFUTK2 t VQXTK2 + VSTRUC + VOTHER 
A U„, „n„o R, determtoe R d.. win* n., . 

test .8 made on the input viUue of fined win* loading (FXWOVS). u the fixed win* loading 

(FXWOVSl is input as zero the win* area wtU remain fixed and the wing loading will be oal- 
Ciliated by the equation; 

wo VERS = WWAIT (NW'L) /SWING 


WOVERS = wing Loading, Iba/ft^ 

WWAIT(NWL) = Design Weight for Wing Loading or Area 
= Gross Wing Area, 


SWING 


, lbs 


If the Wing loading input is a fixed value (PXWOVSI the wing are. wlU be eaioulated by the 


equation: 


SWING 


WWAIT (NWL) /FXWOVS 


SWING = Gross Wing Area, ft^ 

WWAIT(NWI^ = Design Weight for Wing Loading or Area, lbs 

FXWOVS = Fixed Wing Loading, ibs/ft^ 

me term WWAIT(NWq is us«l to provldo the mmr with the option of seleoting ignition 
through landing weight a. the designing oondltiou for wing loading or wing area oalcma- 

den This is aocompUshml by mputtlng a ViUue f „m 1 1 . 7 for the wing loading flag NWL 
For example, if NWL - 6 ami ncwovs . i«o. a.. «,„* ^ ^ 

loading of 100 psf at Initial flyback condition. 

With th. Wing area esiabUshml th. geometrio win, data is then eaioulated. The eaioulated 
Wing data Inelude. th. g«,m.trie wing span, root ehord. tip ehotd. struetural span 

weasurmi along U,e 50% ehord and dm thiekness at the root. This data is determined by 
the following equations: 
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■ r 


. ^ ^ ♦< I--* 



GSPAN = (ASRATO * 


GSPAN 

ASRATO 

SWING 


Geometric Wing Span, ft 

Aspect Ratio 

Grose Wing Area, ft^ 


CRCXDT 


2 * SWING/( (1 + TPRATO) * GSPAN) 


CROOT 

SWING 

TPRATO 

GSPAN 


Wing Root Chord, ft 
Gross Wing Area, ft^ 
Wing Taper Ratio 
Geometric Wing Span, ft 


CTIP 


CROOT • TPRATO 


CTIP 

CROOT 

TPRATO 


Winp Tip Chord, ft 
Wing Root Chord, ft 
Wing Taper Ratio 


CSPAN = GSPAN/OOS (A TAN (TAN ( ASWEEP/RTOD) - (.5 * 
(1 +TPRATC)/(GSPAN/2)))) 


CSPAN 

Structural Span (along .5 Chon^, ft 

GSPAN 

Geometric Wing Span, ft 

ASWEEP = 

Wing Leading Edge Sweep Angle, deg 

RTOD 

Degfreea to Radiana Ocmversion Factor (57.3) 

C3100T 

Wing Root Chord, ft 

TPRATO = 

Wing Taper Ratio 


CROOT * 
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TROOT 


TOVERC * CROOT 


TROOT 

TOVERC 

CROOT 


Theoretical Root ThlckneBS, ft 
Wing Thickness Over Chord Ratio 
Wing Root Chord, ft 


The body vndth is computed by the equation: 


BBODY 

CBBODY * VBODT^^ 

BBODY 
CBBODY = 
VBODY 

Body Width, ft 
Body Width Coefficient 
Total Body Volume, ft^ 

The exposed wing area 

is computed by the equation; 

SXPOS 

SWING - (CROOT . BBODY - (.6 . BBODY) .. 2 . TAN(ASWEEP/RTOD) 

SXPOS 

SWING 

CROOT 

BBODY 

ASWEEP = 

RTOD 

E^qwsed Wing Area, ft^ 

Gross Wing Area, ft^ 

Wing Root Chord, ft 
Body Width , ft 

Wing Leading Edge Sweep Angle, deg 
Degrees to Radians Conversion Factor (57.3) 

The tor horlz, rul otobia or. bod, wetted are., rerttoal tlo. f.lrb.„. ead bod, 

planform are computed by the following f.et of equations; 
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SHORZ 


CSHORZ * SWING 

SBQDY 

= 

CSBODY * VBODY*^^ 

SVERT 


CSVERT * VBODY^'*^^ 

SFAIR 

= 

CSFAIR • SBODY 

SPLAN 

= 

CSPLAN * VBODY^'^^ 

SHORZ 

= 

Horizontal Stabilizer Planfonn Area, 

CSKORZ 

= 

Horizontal Stabilizer Planform Area Coefficient 

SWING 


Gross Wing Area, ft^ 

SBODY 

= 

Total Body Wetted Area, ft^ 

CSBODY 


Body Width Coefficient 

VBODY 

= 

Total Body Volume, fl^ 

3VERT 

c 

Vertical Fin Planform Area, ft“ 

CSVERT 

= 

Vertical Fin Planfonn Area Coefflclait 

SFAIR 

= 

Total Fairing or Shroud Surface Area, ft^ 

CSFAIR 

= 

Fairing Planform Area Coefficient 

SPLAN 

s 

Body Planform Area, ft^ 

CSPLAN 

= 

Body Planform Area Coefficient 


The body height and length are computed by the equations: 


HBODY 

CHBODY ♦ VBODY 

LBODY 

CLBODY ♦ VBODY^'^^ 

HBODY 

Body Height, ft 

CHBODY = 

Body Height Coefficient 

VBODY 

Total Body Volume, ft^ 

LBODY 

Body Length, ft 

CLBODY - 

Body Length Coefficient 
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ITPS n.* ., ™,„e, J ^ u» a, 

.™. .. cov=r«, by TPS. 1,.. rTPSn.* U tala.„.«, ., 

not need to be input If TPS is not required. 


ITPS VALUE 
1 
2 

3 

4 

5 

6 

7 

8 


Table 14.1.2. 

TPS Arena. 


TPS AREA 

STPS(l) = 

0 

STPS(l) » 

SBODY 

STPS(l) = 

SBODY + SHORZ 

STPS(l) = 

SBODY + SHORZ + SVERT 

STPS(l) = 

SBODY + SHORZ + SVERT + SWING 

STPS(l) = 

SHORZ + SVERT + SWING 

STPS(l) = 

SBODY + SWING 

STPS(l) = 

SBODY + SVERT 
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REPRODUCIBILITY OF THE ORIGINAL PAGE IS'POOR. 


. ’M'CIDING PAGE BLANK NOT FILMED 


iPACt irtUTTl_c. hiT^iCH oUtoPUOTjNt 
INPUT COtFPICIcNTi 




ULoChIPTION 


C { 1 ) 
C( J> 
C ( J ) 
C ( 4 ) 
C ( ) 

C( o) 

c ( o 

C ( o ) 
CiJ) 

c ( 1 ^ ) 
c ( 1 n 
c ( 1 ^ ) 
c n 

(15) 

(16) 
C ( 1 V ) 

( Id) 
^(19) 
C ( <_ u ) 

c ( ) 

c<^^) 
C ( ^3 ) 
Cic:^) 
Ci Clb) 

c (^ 6 ) 

C(^7) 

C ( ) 

u(^9) 

C ( -Ju ) 
C(31 ) 

C. C 

C ( oj ) 
C(o4) 

C ( Jb ) 

C < o6 ) 
0(37) 
C(3d) 
C( ^9) 

C ( *^u ) 

c(^n 

C(^^) 
o ( *» J ) 

0 ( ^ ) 

C ( ‘♦^j) 

C ( 46) 

0(47) 

0(43) 

C ( 49 ) 

0(50) 


WING FLIGHT OOtFr I C I C.NT ( I NTc.R<^cPT ) 
WING WEIGHT OOcPrlCIcNT F{O«03^ ^Rcm) 
FIXL3 ING WLIGHT 
VuRTIOAL FIN WLIGHT OUtFFIOlc-NT 
FIXLu VERTICAL FlN Wj^IGHT 
HORIZONTAL ^TAbll.I^LR WtlGMT COur# 
F1XL-* tiORlZO.slMu ^Tm^ILIZl^k ».c.IwnT 
ON IT wLlGHT OK KA|k1isG OR onRUo.^ 

F“ 1 XL-«. w— IG riT w»K F#, ii^li\G On< ^MRuo,^ 
iNTcoRAL Full tank ul-IGHT 0ULFFi0 1c.NT 
FIXt^L^ IiN^Tc^okmL rOc.L TmNK «cIGHT 
w-I<^*G AwJGHT COLFFICIi-HT ( GLCPl ) 

uOuY »^;c.lG.-iT CuL-r F I C I i-i>^T r (AKu>^) 
oOOY V. cIgrT i z 1 uNT !-(\/0L«) 

FIXLO u*^3IC oOOY v.:i I G.-lT 
NOT oOtO 
NOT 
NO T 

NOT Oocu 
NOT 

NOT ooc.i-» 

NOT o-jLO 

ocC0.>;ijAkY -jTRUCTurtc. .«hICiHT OOLF • 
VEWTICAL FIN .vLIGmT C^LF. KFl., >,Ku« ) 
HOWIZO.NTAL .vtIGHT COUF. F ( HO-J I ^ , AmcA ) 

F I X£(J I imSUUAT I Or %-.^IGhT 
FIXLO COVER Pf\NEL. ALIGHT 

GIi-iumL wYjTl..-* *c.lGnT cULr • ( 1 *nTl«RCuHT ) 

PRIriL KU»«tR 3 uUkCh TmN.<.Ao^ uT# k,ucK 
LANOJNG gear wtIG^^T cOLF# K ( wLANu ) 

F I XLt.‘ LmNuINg Gc-Aw ‘*L.IGHr 
ROCKuT i^NGINc .rfulGriT OOcK • 

f“ I XLU Rs-/0KcT u.NOINl. mc.IGH1 
NOT 

NOT 

NACELLE tPOD^ ANU PYLGNO ^i^IGHT OOEK* 

fixel nacellc*pous pylcn^ weight 

POvVER SOURCE propellant WEIGHT C0EF’« 
“FULL TA.,r^*wLt or»T"’ COcK • ( NON-oTRULTORAL ) 
FIXL^ FUl.L TmimK weight ( NgN-3TRUC TOKmL ) 
OX 10 TANK WEIGHT CUuF» ( InIO.N-STRGCTURAL ) 
FIXEO OX 10 tank weight C NON-LTROC TwRmL ) 
FUEL TAimK INoULATIgR UNIT wtIGHT 
FiXuw PhOPclLmNT Tmis.s IN6ULAT10r WtlGHT 
FUcL ^YGTEi». l.T COcF • F(TH*-4UoT) 

Full ^YoTEt’i wT COEF F(LENoTH) 

FIXEu FUEL SYgTeM ,«c 1GHT 
OXIu oYoTEM VvT COEF r(TMRv.^T) 

OX 10 SYSTEM wr COEF F(LENv^rH) 

fixed 0X10 SY^TEF. ..light 


OJ>llTs »tc.r • GtLTlG 


•• 

i*l«l 

L3o/KT^ 

UUl 

Lb^ 

1 • 1 • 1 

LDG/KTt: 

I«Uc 

Luo 

1 • I •<: 

— — 

i • 1 «G 


1 • i 

LuoXr T<: 

1 • I «4 

Lu^ 

1 • I *4 

Luw/r T^ 

E« i • I 

*-uo 

d • i • I 

— — 

1 • 1 • 1 

Luo/r T 4 . 

^ « 1 

uu^/K To 

i 

Luo 

d • 1 ■ u 

t-uo/l- T <- 

C • 1 • H 

UL^w>/r T 4 - 

u u<. 

Lu-/r T .L. 

U 1 *3 

Lu-. 

J« 1 

Lo^ 

3* 1 


o« 1 • i 

— 

7* I • 1 

— 

4 • i 

Lu^ 

4 • 1 

-- 

1 • I 

Lu^ 

3« 1 • 1 

-- 

6 # 1 #y 

Lu^ 

1 »9 


1 3« X »3 

Luo/F T 3 

o« I 

Lu^ 

o« 1 • ^ 

Ltjo/r T 0 

b« 1 • 3 

Lo«j 

1 • u 

LuG/FTE 

5* X 

Lub 

u* 1 «u 

— — 

1 • u 

Lud/r T 

u • X *o 

Lbo 

b« X *o 


:j* 1 .7 

Lt>o/F T 

bt 1 *7 

Lbu 

b# X«7 
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INPUT COEFFICIENTS (CONT) 


TERMS 


DESCKIPTION 

pressure System weight coff 

“}°uSEf “eF 

not used 

AERODYNAMIC CONTROL SYSTEM WEIGHT COEF 
NOT^Ssed”°°^^*”*^ CONTROL SYSTEM WEIGHT 
not used 

NOT USED 

NOT^USED*”^ SOURCE TANKAGE WEIGHT 

electrical SYSTEM WEIGHT COEF 
ELECTRICAL SYSTEM WEIGHT CCEf! 

FIXED electrical SYSTEM WEIGHT 
HYDRAULIC/PNEUMATIC SYSTEM WEIGHT COEF 
HYORAUlIC/PNEUMATIC system weight COEF 
FIXED HYORAULIC/PNEUMATIC SYSTEM WEIGHT 
FIXED GUIDANCE AND NAVIG. IyItIh IeIG^J 
instrumentation system weight COEF 
FIXED instrumentation SYSTEM WEIGHT 
communication system WEIGHT COEF 
FIXED communication SYSTEM WEIGHT 
FIXED ACS RESERVE PROPELLANT WEIGHT 
EQUIPMENT ECS WEIGHT COEF. 

CREW Provisions weight coef 

FIXED CREW provisions WEIGHT 

OXID TANK INSULATION UNIT WEIGHT 

FIXED ICE AND FROST WEIGHT 

NOT used 

NOT USED 

NOT USED 

NOl USED 

NOT USED 

NOT USED 

NOT USED 

not used 

NOT USED 
NOT USED 
NOT USED 
NOT USED 

not used 

NOT UStD 
NOT USED 
NOT USED 

not used 

contingency and growth coef 

CREW WEIGHT COtF, 

FIXED CREW WEIGHT 

WOT USED •- 

NOT USED 


UMITS REF. SECTION 

LBS/FT3 5.1.8 
LBS/FT5 5.1.8 


LBS 

LBS 

LBS/FT 

LBS 


LBS 

LBS/FT2 

LBS 


6.1.4 

6.1.4 


7.1.1 

7.1.1 

7.1.1 

7.1.1 

7.1.2 
7.1.2 

7.1.2 

6 . 1.1 

8 . 1.2 
8 . 1.2 
6.1.J 

6.1.5 

13.1.2 
9.1.1 
9.1.1 
9.1.1 

5.1.5 

13.1.3 


lO.l.j 

11 . 1.1 

11 . 1.1 
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INPUT COEFFICIENTS <CONT) 


TERMS 

C(lOJl) 

C(102) 

C(103) 

C(104) 

C(105) 

C(IOS) 

t(107) 

C(108) 

C(109) 

C(llO) 

C(lll) 

C(112) 

Cai3) 

C(H4) 

cai5> 

c<116) 

cai7) 

C(116) 

C(119) 

C(120) 

C(121) 

C(122) 

C(123) 

C(124) 

C(125) 

C(126) 

C(127) 

C(126) 

C(129) 

C(13U) 

C(131) 

C(132) 

C(133) 

C(134) 

Ctl35) 

C(13t>) 

C(137) 

C(138) 

C;i59) 

C(140) 

C(141) 

C(142) 

C(143) 

C(144) 

C(14!>) 

C(146) 

C(i47) 

C(14B) 

C(149) 

C(150) 


DESCRIPTION 

NOT USED 

patloao/caroo weight coef, 

FIXED PATLOAO/CARGO WEIGHT 
PASSENGER WEIGHT COEFFICIENT 
FIXED PASSENGER WEIGHT 
FUEL TANK GASEOUS WEIGHT COEF. 

OX ID TANK GASEOUS WEIGHT COEF, 

FIXED PRESSURE AND PURGE GASEOUS WEIGHT 
TRAPPED FUEL WEIGHT COEF. f|FUEL WT ) 
FIXED TRAPPED FUEL WEIGHT ’ 

TRAPPED OXID WEIGHT COEF. F(OXlD WT ) 

FIXED TRAPPED OxiD WEIGHT 

TRAPPED SERVICE ITEMS WEIGHT COEF. 

FIXED trapped service ITEMS WEIGHT 
FUEL reserve WEIGHT COEF. 

FIXED RESERVE FUEL WEIGHT 
OXID reserve WEIGHT COEF, 

FIXED RESERVE OXID12ER WEIGHT 
POWER SOURCE RESERVE PROPELLANT WT COEF 
FIXED RESERVE POWER SOURCE PROPELLANT 
RESERVE SERVICE ITEMS WEIGHT COEF, 

FIXED RESERVE SERVICE ITEMS 

VENTED FUEL WEIGHT COEF, FcjOTAL FuEL) 

FIXED VENTED FUEL WEIGHT 

vented OXID WEIGHT COEF, F(TOTAL OXID) 

FIXED vented OXID WEIGHT 

FIXED POWER SOURCE PROPELLANT WEIGHT 

NOT USED 

FIXED main thrust PER ENGINE 
SERVICE ITEM LOSSES WEIGHT COEF, 

FIXED SERVICE ITEM LOSSES 
FIXED THRUST BUILD-UP FUEL WEIGHT 
FIXED THRUST BUILD-UP OXID WEIGHT 
FIXED PRE-IGNITION LOSSES 
vertical fin WtlOHT COEF, 

FIXED secondary FUEL SYSTEM WEIGHT 
FIXED secondary OXID SYSTEM WEIGHT 

integral oxid Tank weight coef, 
fiaeo integral oxid tank weight 

SECONDARY ROCKET ENGINE WEIGHT COEF 
FIXED SECONDARt ROCKET ENGINE WEIGHT 
NOT USED 

LAUNCH GEAR WEIGHT COEF, 

FIXED launch Gear weight 
deployable aerodynamic devices WT COEF 
FIXED DEPLOYABLE AERODYNAMIC DEVICES WT 
DOCKING STRUCTURE WEIGHT COEF, 

FIXED DOCKING STRUCTURE WEIGHT 
A INBREATHING ENGINE THRUST PER ENGINE 
NOT USED 


UNITS 


LBS 

LBS 

LBS/FT3 

LBS/FT3 

LBS 

LBS 

LBS 

LBS 

LBS 

LBS 

«■» 

LBS 

LBS 

MW 

LBS 

MM 

LBS 

LBS 

LBS 

MM 

LBS 

LBS 

LBS 

LBS 

LBS 

LBS 

LBS/FT3 

LBS 

LBS 

LBS 

LBS 

LBS 

LBS 


REF, SECTION 


12.1.1 

12 . 1.1 

12 . 1.1 

12 . 1.1 

13.1.1 

13.1.1 

13.1.1 

13.1.1 

13.1.1 

13.1.1 

13.1.1 

13.1.1 

13.1.1 

13.1.1 

13.1.2 
13.1.2 
13.1.2 
13.1.2 
13.1.2 
13.1.2 

13.1.2 

13.1.3 
13.1.3 
13.1.3 

13.1.3 

13.1.3 

2.1.5 

13.1.3 
13.1.3 
13.1.6 

13.1.6 

13.1.7 
1 . 1.2 
5.1.4 
5.1.4 

2 . o 

2 . 1.2 

5.1.1 

5.1.1 


4.1.1 

4.1.1 
4.1.3 

4.1.3 

4.1.4 

4.1.4 
5.1.6 


INPUT COEFFICIENTS ICONT) 


TERMS 


description 

NOT USED 
NOT USED 

separation System weight coef, 

FIXED separation SYSTEM WEIGHT 
ACS SYSTEM WEIGHT COEF, 

ACS SYSTEM WEIGHT COEF, 

FIXED ACS SYSTEM WEIGHT 
FIXED secondary THRUST 
NOT USED 

GIMBAL system WEIGHT COEF, 

FIXED GIMBAL SYSTEM WEIGHT 
FIXED contingency ANL) GROWTH WEIGHT 
FIXED THRUST STRUCTURE WEIGHT 
ACS tank weight coef, 

FIXED ACS tank WEIGHT 

thrust decay propellant weight coef, 

FIXED thrust decay PROPELLAnT WEIGHT 
THRUST structure WEIGHT COEF, 

FIXED SECONOARf STRUCTURE WEIGHT 
SECONDARY FUEL SYSTEM WEIGHT COEF, 
SECONDARY OXID SYSTEM WEIGHT COEF, 

ACS RESERVE . OPELLANT WEIGHT COEF, 

ACS PROPELLAr ' WEIGHT COEF, F(WTO) 

ACS PROPELLANi WEIGHT COEF, F(WWAIT(4)) 
FIXED ACS PROPtLLANT WEIGHT 
horizontal STAbiLIZER WEIGHT COEF, 

NOT USED 
NOT used 
NOT USED 

insulation unit weight 

COVER panel unit WEIGHT 

landing gear weight coef, F(WLAND) 

ENGINE MOUNT WEIGHT COEF, 

FIXED ENGINE MOUNT WEIGHT 
AERODYNAMIC CONTROL SYSTEM WEIGHT COEF 
NOT USED 

FIXED PRESSURIZATION SYSTEM WEIGHT 
NOT USED 

FUEL TANK WEIGHT COEF, (UP} 

FIXED FUEL TANK WEIGHT 

FUEL DIST, SYSTEM-PART 1 WEIGHT COEF, 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT USED 

NOT used 

NOT USED 


UNITS REF, SECTION 


6 . 1.5 

6.1.5 
6,1,2 
6.1.2 
6.1.2 

5.1.1 

6 . 1.1 
6 . 1.1 
10 . 1.1 

2.1.5 
6 . 1.3 
6.1.3 
13.1.4 

13.1.4 
2.1.5 

2.1.4 

5.1.4 
5.1.4 

13.1.2 

13.1.3 
13.1.3 

13.1.3 

1.1.3 


LBS 

LBS/FT3 

LBS/FT3 


LBS/FT2 

LBS/FT2 


3.1 

3.1 

4.1.2 

5.1.2 
5.1.2 
6.1.4 

5 . 1 . B 

5.1.10 

5.1.10 

5.1.10 
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INPUT COEFFICIENTS (CONT) 


terms 


DESCRIPTION 


UNI Ti, 


C(20l ) 

NOT 

USED 

C ( 202) 

NOT 

USED 

C(203) 

NOT 

USED 

C (204) 

NOT 

used 

C (205) 

NOT 

USED 

C (206) 

NOT 

u:sED 

C(207) 

NOT 

USED 

C(206) 

NOT 

USED 

C (209) 

i.OT 

USED 


C (ElO) 
C(2l| ) 
C(212) 
C(2l j) 
* C(214) 
CI2I5) 
C(2I6) 
C(2I7> 
C(2ie) 
C(219) 
C (220J 
C(22i ) 
C(222) 
C(223) 

C < 224 ) 
C<225) 
C(226I 
C (227) 
C(226) 

C (229) 
C(230) 
CC23I ) 


EbS 

EbS 

Ebi 


area ) — 


AlRbREATblNG ENGINE WEI(«mT COEF* 

FIXED AlRbREATtilNG ENGINE WEIGHT 
AJRbREATHiNG TANKAGE SY^sTtM WT. COEF 
fixed AIRBREAThING TANKAGE -*• SYST# WT« 
FEYBACK MASS RATIO MINUa 1,0 
FIXED FEYBACK PWOPEEEANT WEIGHT 
NOT USED 
NOT USED 
NOT USED 

ROCKET ENGINE WT • COEF, F< THRUST 
ROCKET ENGINE AREA RATIO 

ROCKET ENGINE AREA RATIO EXPONENT II 

NOT USED 
NOT USED 
NOT USED 

trapped FUEE weight COEF F (PROPEEEANT ) -I 
TRAPPED FUEE WEIGHT COEF F(ThRUST) 
trapped ox id weight COEF F (PROPEEEANT ) — 

TRAPPED OX ID WEIGHT COEF F(ThRUST) 

VENTED FUEE WEIGHT COEF F (PROPEEEANT » 

VENTED OXID WEIGHT COEF* ' F (PROPEEEANT ) — 

NOT USED 


C (232) 

NOT USED 


C(233) 

NOT USED 


C ( 234 ) 

NOT USED 


C(235) 

NOT USED 


C(236) 

NOT used 


CI237) 

NOT USED 

“ * 

C ( 23B ) 

NOT USED 


C(239) 

NOT USED 


C (240) 

NOT USED 


C(241 ) 

NOT USED 


C(242) 

NOT USED 

— 

C(243) 

NOT USED 


C 1 244 ) 

NOT USED 


C(245) 

NOT USED 


C (246) 

NOT USED 


C (247) 

NOT USED 

■ 

C(24B) 

NOT USED 

* 

C (249) 

NOT USED 


C (250) 

NOT USED 



REF, SECTION 


b,I .1 
5*1 •! 
b* I • 10 
b« i 910 
1 1 • 

J 


•! 


13. Ul 

1 1 • 1 

i 9 X 
13« X # J 
13* i • J 


* INITIAE ESTIMATE ONEY FOR THE BOOSTER STAGE 
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INPUT COEFFICIENTS CCONT) 


TERMS 


DESCRIPTION 


not USED 
NOT USED 
NOT USED 
not USED 
not USED 
NOT USED 
NOr USED 
NOT USED 
NOT USED 
not USED 
NOT USED 
not USED 
NOT used 
NOT USED 
NOT USED 

not used 

NOT USED 
not USED 

not used 

NOT used 
NOT USED 

not used 
not used 
not used 
not used 
not used 

NOT used 

not used 
not used 
not used 
not used 
NOT used 
not used 
not used 
not used 
not used 
not used 
not used 
not used 

NOT USED 
not USED 
not USED 
not USED 

not used 
not used 

NOT USED 

not used 
not used 
not used 
not used 


UNITS REF, section 
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bPACh iiHUTTLE WTSCh i>UOK0uTiNt ( CONT ) 
INPUT TERMS 


terms 

anenus 

ANTANK 

ASRATO 

ASWEEP 

CbBODY 

CFUELt X 

CFUEL(E 

CFUELO 

CFuEL < 4 

CFUEL ( 5 

CFUEL (6 

CHBODY 

CLBOOY 

CSBOOY 

csfair 

CSFuTK 

CSHORZ 

CbOXTK 

CSPLAN 

CSVERT 

♦♦ cswing 

CTHRST 
CTHST^ 
FawOVS 
I SP ( 1 ) 

I SP ( 2 ) 

^ I SP ( 3 ) 
rsP(4) 

I SP ( 5 ) 

1 SP ( 6 ) 

I TPS 
<( I ) 

K (2) 

K(3> 

K ( 4 ) 

K ( 5) 

K ( 6> 

K< 7) 

K (8 ) 

K ( 9 ) 

K < 10 ) 

<( I n 

K< 12) 

K( 13) 

K( 14) 

< ( 15) 


UESCRIPTION 


UNITS REF* SECTION 


) 

) 

) 

) 

) 

) 


number of AIRBREATHINO ENGINES 

NUMBER OF AIRBREATHING FUEL TANKS :JP) 

WING ASPECT RATIO 

WING leading edge SWEEP ANGLE 

body WIDTH OR COEFFICIENT 

Thrust ouild-up mixture ratio 

NOT used 

main impulse mixture RATIO 

MAIN IMPULSE RESERVE MIXTURE RATIO 
SECONDARY IMPULSE MIXTURE RATIO 
NOT USED 

BODY HEIGHT OR COEFFICIENT 
body length or COEFFICIENT 
TOTAL BODY WETTED AREA OR COEFFICIENT 
fairing PLANFORM AREA OR COEFFICIENT 
FUEL TANK SURFACE AREA COEFFICIENT 
HORIZONTAL STAB, PLAf^ORM AREA OR CO£F . 
OXID TANK SURFACE AREA COEFFICIENT 
BODY PLANFORM AREA OR COEFFICIENT 
VERTICAL FIN PLANFORM AREA uR COlF • 

WING PLANFORM AREA 

VACUUM THRUST Tj LIFT-OFF WEIGHT RATIO 

Secondary propulsion t/w ratio 
F 1 XED W 1 NG LOADING 
thrust bUlLD-UP propellant I sP 
NOT USED 



s.l.ti 

— 

S* 1 .B 


lA. 1.3 

DEG 

1 A. I .3 

FT 

lA. 1 , 1 

— 

FT 

lA. 1 . 1 

FT 

lA. 1. 1 

FT2 

lA. 1 . 1 

FT2 

1 A. I • 1 

— — 

1 A. 1 

FT^ 

1 A. I • 1 

— — 

lA, I 

FT2 

1 A. I • 1 

FT2 

1 A. 1 • I 

FT2 

— 

— — 

• 1 .3 

— — 

b.l.i 

LBS/PT^ 

1 A « I . 3 

.:>eC 



main impulse PROPELLANT 1 sP 
MAIN IMPULSE RcsERVE PROPELLANT ISP 
SECONDARY PROPULSION PROPELLANT I SP 
NOT USED 
TPS FLAG 

PUEL TANK ULLAGE VOLUME COEFFICIENT 

Oxidizer tank ullage vulume loeffilicnt 

AVERAGE fuel TANK INSULATION ThICKNeSs 

fixed propellant tank Insulation voeume 

CREW VOLUME COEFFICIENT 
FIXED CREW VOLUME 

fixed secondary Fuel tank volume 
fixed secondary OXID TANK VOLUME 
FIXED cargo BAy volume 
AVERAGE BODY STRUCTURAL DEPTH 
FIXED BODY STRUCTURAL VOLUME 
LANDING GEAR BAY VOLUME COEFFICIENT 
FIXED LANDING GeAR BAY VOLUME 
NOT USED 
NOT USED 


SEC 

SEC 

SEC 


FT 

FTs 

FT3 

FT3 

FT3 

FT3 

FT 

FT3 

FTJ/LB 

FTJ 


14,1,3 

14, I .4: 
I 4 • I • £ 
14. I, ^ 
14* I 
14* 1 «2 
14, 1 ,2 
14,1,2 
14,1,2 
14, i«2 
14,1,2 
14,1 ,2 
14,1,2 
14, I ,2 


■» 


INITIAL ESTIMATE ONLY FOR BOTH STAGES 

WHEN WING HAb FIXED AWEA THIS INPUT Ib FIXED. WHEN WIN 
DY wing loading this input is an INITIAL ESTIMATE ONLY. 

initial estimate only for booster stage 
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IS SI^ED 




INPUT TERMS (CONT) 


TERMS 


description 


UN1T:> RtF. SECTION 


16) 
K( 17) 
K( 16) 
K( 19) 

K(20) 
K(2l ) 
K(22) 
K (23) 
K (24 ) 
K(25) 
K(26) 
K (27) 
«{E8) 
K(29) 
K ( 30) 
KIN 
LF 

MR( 1 ) 
MH ( 2 ) 
MR (3) 
MR ( 4 ) 
MR (5) 
MR (6) 
NCREW 
NENGS 
NLlSTO 
NPASS 
NWE 
PCHAM 
♦ Q 

RHOFU 

PMOFU2 

RMOX 

RHOX2 

* SbOOY 
TOE 

TOVERC 

TPRATO 

TYTAIL 

* VBOOY 

* WGROSS 


PROPUESION bAY VOLUME COEFFICIENT 
FIXED PROPULSION BAY VOLUME 

miscellaneous vol.ume coefficient 

I XED MISCELLANEOUS VOLUME 
NOT USED 

FIXED FUEL TANK VOLUME 
NOT USED 

BODY VOLUME INTERCEPT (K(1B) SCALING) 
NOT used 

AVERAGE OX ID TANK INSULATION TrI 1 CKiMEi^ 
NOT UuED 
NOT used 

MAIN FUEL TANK VOLUME FOR FLYBACK 
fixed OXIDI/ER TANK VOLUME 
NOT USEO 
NOT USEO 

ULTIMATE LOAD FACTOR 

thrust build-up mass ratio or AV 

NOT used 

MAIN IMPULSE MAuS RATIO OR AV 
main impulse reserve MAS:> RATIO OR AV 
SECONDARY IMPULSE MASS RATIO OR AV 
NOT USED 

number OF CREW MEMBERu 

TOTAL NUMBER OF ENGINES PER STAGE 

NAME LIST Output flag 

NUMBER OF PASSENGERS 
WING loading flag 

MAIN ROCKET ENGINE CHAMBER PRESSURE 

MAXIMUM DYNAMIC PRESSURE 

FUEL DENSITY 

SECONDARY FUEL DENSITY 

OXIDIZER DENSITY 

:>ECONDARY OXIDIZER DENSITY 

total body WC.TTED AREA 

GROSS WEIGHT ITERATION TOLERANCE 

WING thickness over CHORD RATIO 

WING TAPER RATIO 

NOT USEO 

total body VOLUME 
CROSS WEIGHT 


KTJ/Lb 


FTJ 

1 

— — 


FT3 



FT3 

14#1«L 

— 

FTj 



FT 

14. 1 .4 

z: 

FT3 

1A« 1 

FTj 

14. 1 .<1 

:: 

— 

1*1 


— 

— 

— 


— 


— 

— 

— 

— 

1 «3 



— 

— 

— 

X • 1 

*— 

14* 1*3 

PblA 

6* 1 • 1 

PSIA 

1 • 1 «3 

cas/FT3 


LtiS/FT3 


L.BS/FT3 

i4» 

Lc*:>/FT3 


FT^ 

14»W3 


— 

-- 



14* i«3 


FT3 

I4o 1.3 

LBS 

13. 1 .9 


* 

»«i« 


INITIAL ESTIMATE ONLY 
INITIAL ESTIMATE ONLY 


for BOTH BTACitB 
FOR ORB I TER STAGE 
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SPACt SHUTTue WT£/CH SUcJROUTlNe ( CONT ) 


TtRMS 

AbFSYS 

^^bODY 

CROOT 

C^aPAN 

CTIP 

GAL 

GSPAN 

HbODY 

LbOOY 

RTOd 

SFAIR 

^FUTK 

bHORZ 

bOXT< 

^PLANJ 

SIPS.- 1 ) 

SVEP r 

SWU^G 

SXPCS 

TOEL 

TROOT 

TTOT 

TTOT2 

TTOTAL 

VbOOYA 

VbOOYl 

VBODY2 

vcargo 

VCREW 

VFUTK 

VFUT<2 

VINSTK 

vlgbay 

VOTHER 

VOXTK 

V0XTK2 

VPROP 

VSTRUC 

WABFPS 

WABFS 

WAbFTK 

WAbFU 

WAbPR 

^ACREb 

*ACS 

WACSFO 

WACSTK 

WALRO 

WAUXT 

.vAV IOC 

WbAS I C 


COMPUTtU TERM. 


UESCRIPTION 

AIRbREATHliNG FUEL. bYbTLM WEIGHT (JP) 
bOUY width 
WING ROOT CHORD 

bTRUCTuRAL bPAN (ALONG #b CHORD ) 

WING TIP CHORD 
total GALLONb OF FUEL 
GEOMETRIC WING bPAN 
OOUY HEIGHT 
BODY LENGTH 

DEGREEb TO RAOiANb CONVERblON FACTOR 
total fairing Or :>hROUU bURhMCE mkCm 
Total fucl tank «kfc.TTc.u aruA 
horizontal ^TMbU.IZER PLAnFoh.m mRum 
total OXIUIZcR tank WbTTLb mkjim 

BODY PLANFORM AREA 
total TPS SURFACE AREA 
VERTICAL FIN PLANFORM AREA 
GROSS WING AREA 
EXPOSED WING area 
G lWbAL SYSTEM DEL. I VEREu TORuuc. 

Theoretical root thicknescj 
total stage vmcuum Thrust 
total SECONuARY cNGINE vacuum thrust 
Total stage vacuuim thrust ovc.k ioudusjo« 
total body VGLUMd LcSb SThUCI • ANu f-iSC 
VdODY to THc. l/J POWER 
VBODY TO The e/3 power 
VOLUME OF payload BAY 
VOLUME OF CREW COMPARTMENT 

total volume of fuel tank 

total volume of secondary FUcL tank 

total tank insulation volume 

VOLUME OF RECuVEhY SYSTEM BAY 

MI scellaneous anu unused volume 
total volume of UXIDIZcR tank 

total volume of secondary OXIU TmNK 

VOLUME OF PROPULSION dAY 

VOLUME OF BASIC STRUCTURE 

WEIGHT OF JP PRESSURIZATION SYSTEM 

weight of JP FUEL. SYSTEM LESS TANKS 

WT. OF AlRbREATHlNG PROPUL# TANKS + SYS 

WEIGHT OF AIRBREATHING FUEL 

WT. OF AIRbREAThING ENGINES FOR FLYBACK 

WEIGHT OF ACS PRoPcLLANT RESERVE 

WEIGHT OF attitude CONTROL oYSTEi^ 

WEIGHT OF AC^ FUEL AND OXIDIZER 
WT. OF ATTlTUDt CONTROL SYSTtM TANKaGc 
WEIGHT OF aerodynamic CONTROLS 
WEIGHT OF separation SYSTEM 
total WcIGhT of mVIONIL SYSTEi'i 

total weight of uASIC dODY 


UNITS REF# SECTION 


Uos 

b# 1 # I D 

FT 

14. 1 „ J 

FT 

14. 1 . J 

h T 

14. 1 ♦ J 

FT 

14. 1 »3 

GAL 

5#1#10 

FT 

14. 1.3 

FT 

14.1.3 

FT 

14. 1 .3 

“■ — 

14.1.3 

hTz 

14.1.3 

KT^ 

lA. 1 .c 

FTc: 

14. 1 .u 

FT^ 

14. 1 .£: 

FTz 

14.1.3 

FT2 

14. 1 .3 

FT2 

14. 1 .3 

F7n 

14. 1 .3 

F7t: 

14.1.3 

1 j^<*-Lt> 

P# 1 • 1 

F T 

14.1.3 

LoS 

Ud 

Loo 

S# 1 • 1 

1 LoS 


: FTo 


FTo 


FT3 


FTo 

14. 1.2 

FT3 

14. 1 .2 

FT3 

14.1.2 

PT3 

14. 1 .2 

FTo 

14.1.2 

FT3 

14. 1 .2 

FTJ 

14.1.2 

FTJ 

14. 1 

FT3 

14.1.2 

FTJ 

14.1.2 

FT3 

14.1.2 

LBS 

S# 1 .B 

Lbo 

b«l .10 

L...S 

1 . 10 

LBS 

13«1 .3 

LuS 

b. I . I 


1 S • 1 .2 

Uoo 

P# 1 

Loo 

1 J# 1 .3 

Loo 

P.1.3 

Loo 

P# 1 . A 

LuS 

O. 1 .D 

i-UO 

B. 1 .3 

LuS 

• 1 .3 


149 


COMPuTEiD TERMS (CONT) 


*►! o 

■ r - " y 

' V^jO 

V,.- M i'A 

■ 'r«iT 

.wucCAY 
wui ST i 

wu I bra 
WOOCK 

woplov 

W DP ANS 
Y 

WDMPT Y 

W- NoMT 

whNGS 

•^•'ENGSa 

WFA IR 

kA/PCONT 

^FDCAY 

WFROST 

WFU2 ( 1 > 

WF*JEL( 1 ) 

WFUEL(2) 

WFUEL ( 3 ) 

J^FUEL ( 4 ) 

WFUEL<5) 

WFUEL(6) 

wfue 

WFULOS 

WFUNCT 

WFUOX 

WFURES 

WFUSYS 

WFUTK 

WFUTK2 

WFUTOT 

WFUTRP 

WGASPR 

WGNA V 
WHOR2 

whycao 

WINFuT 

winoxt 

WINSTK 
WiNST 
w 1 NSUL 
WJ£T( 1 ) 
WJET(2) 
WJET I 3) 
WJdT {^) 
WJET <5) 
WJdT (6) 


OESCRIPTZON 

TOTAL WEIGHT OF dOOY GROUP 


UNITS REF. sect; ON 


WEIGHT OF PA YI-OAO/CARGO 
WEIGHT OF COMMUNICATION SYSTEM 
WEIGHT OF contingency ANO GROWTH 
TOTAL WEIGHT OF TPS COVER PANELS 
WEIGHT OF THROST DECAY PROPELLANTS 

total wt » OF Fuel dist. syst.- part i 
total wt of fuel dist, syst.- pari e 

WEIGHT OF docking STRUCTURE 
WEIGHT OF DEPLOYAOI.E AEZRODYNAMIC LEVICE LUS 
TOTAL WT, OF FUEL TANK DUMP + DRAINS 

stage dry weight 

WEIGHT EMPTY 

weight of engine mounts 
total weight of rocket engine instl. 
total weight of secondary rocket eng. 
total weight of fairings or shrouds 
total weight of Fuel system controls 
WEIGHT OF thrust DECAY FUEL 
total weight of frost and ICE 
weight of secondary fuel 
WEIGHT OF thrust BUILD-UP FUEL 
not used 

weight of main impulse fuel 
MAIN impulse fuel. RESERVE 
WEIGHT OF SECONDARY IMPULSE FUEL 
NOT USED 

WEIGHT OF MAIN FUEL 
WEIGHT OF VENTED FUEL 
TOTAL WEIGHT OF FUEL TANK 
WEIGHT OF MAIN AND SECONDARY PROPELLAI 
WEIGHT OF FUEL RESERVE , 

TOTAL FUEL SYSTEM WEIGHT . ^ ^ 

WEIGHTj OF NON-STRUCTURAL FUEL TANK^^'^' 

WT. OF SECONDARY FUEL TANK AND SYSTEM 
TOTAL weight OF FUEL 

WEIWT OF PRESSUREIZATION AND PURGE GA 
WEIGHT OF guidance ANO NAVIGATION 
TOTAL HORIZONTAL STABILIZER WEIGHT 
WEIGHT OF HYDRAUL. IC/PNEUMATIC SYSTEM 
WEIGHT OF INTEGRAL FUEL TANK 
WEIGHT OF INTEGRAL OXIUIZE'I TANK : 
total WE.'GHT CF tank INSULATION 
WEIGHT OF INSTRUMENTATION SYSTEM, . 

total weight of TPS insulation.*; ; 

IGNITION TO LIFT-OFF JETTISON WEIGHT 
NOT USED 

WEIGHT JETTISONED DURING ASCENT 
IN-ORBIT JETTISON WEIGHT 
PRE -ENTRY JETTISON WEIGHT 
FLY-BACK JETTISON WEIGHT 


Lbb 

E. 1 ,b 

►IP Lub 

P. 1 . I u 

LtJb 

IE. I . 1 


B • I • o 

Ll)^ 

10. 1 . I 

dob 

3, I 

L. O ^ 

13. 1 

U 

P. I • 1 0 

Lub 

P.I.IO 

Lbb 

4. t (4 

t dbb 

4.1,3 

L.L)S 

5,1,10 

LbS 

10. 1 . 1 

UbS 

10. I . 1 

dbb 

P, I , c 

UJb 

5.1,1 

dbS 

5,1.1 

Lbb 

1,1.4 

LUb 

5,1,10 

LBS 

13. 1,4 

LbS 

13. 1 ,3 

LBS 

13. 1 ,8 

LbS 

13,1,6 

LBS 

13,1,5 

LtiS 

13. 1.^ 

LbS 

13. 1 ,B 

LbS 

13,1,7 

LbS 

13.1,3 

LbS 

5,1,10 

■ LbS 

13. 1 ,B 

LBS 

I3,iii*^ ■;] 

. LbS 

£>*1,6 

"LBS 

LbS 

5,1,4 

LbS 

r 13,1.7 

; LBS 

.■^&"i3,i,i ; 

LbS 

13,1,1 

LBS 

8,1,1 

LbS 

1 • 1 ,3 

LbS 

7.1.E 

LbS 

2, 1,1 

LBS 

; 2,1,2 

LbS 

S, 1 ,5 

LbS 

U,l,2 

LbS 

'■■•■ 3,1 

LbS 

13,1,11 

LBS 

13,1,11 

Lbs 

13, 1,11 

UbS 

13, 1,11 

LBS 

13,1,11 
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T<W<|W> II1UIII»1II.I I. . i .-.ii.nnM .II I . 







(CONT) 


' y ; T ■' 


L>\ 


. w \Pl ION 


ON ITS Rfc.F* SLCTi> 


* 1 l_k: 

W w R L } i_ 

WoX ( i ! 

W lJ' X V ,,^ ) 
t; < :\\ ■ 

Vx' Q X t 4 ) 
w 0 X { > 

MQX(6) 
wox:'^ ( A ) 
*“OX i 0 
W^OXLOO 
WOXKt:^^ 

WQXSYS 

^OXTK 

WOXTK^ 

woxT or 

WOXTSP 

WP 

WPAS5 

WPAVl 

WP£RS 

WPOWER 

WPOWFO 

WPOWRS 

WPOWTK 

WPPROV 

WPRC I G 

WPROP 

WPRSYS 

WREFUL 

WRESID 

WRE SPV 

WSEAL 

wsr.csT 

WSORCE 

WSRfRP 

WSTAB 

WSURF 

WTABC 

WTHRSr 

WTO 

WTPS 

WVc.P f 


i OH ! or I 
[ v.-»H T ^ 1. 

' o ^ Gm ; o : 
7 o*F I 

NAV L.l.i.!L. 

T j f 

V i 

Ptiot- kvti 

or OR If 


AO/ L.H Gt:AR 
FN^iiNo gear CONTROLS 
o oc o 

Aurjt . mNO HECOVERY 
.►JUL' . ANO PYLONi> 

-H>AV JXIUJ^ER 

I rt-M cossEb 
-SERVICE ITEMS 
-JT v" CONTROL + SEPARAT. 

FJUILD-OP OXIDIZER 


‘ W f - 
- ^ WL I 

i 

■ -r wt I 
« 'oH f OF 
^ : « O H T OF 
- F ^ [ OF 

-^LIGhT of 

< J r AL W 7 • 

WING loading 
*SIGRT of thrust 

NOT vjSED 

IGHT Of main impulse oxidizer 
*'*A1n impulse oxidizer reserve 
-tLIGhT of SECONOARV impulse oxidizer 

NOT USED 

weight of secondary Oxidizer 

jfElGHT OF MAIN OX I D 1 ZER 
wLjGhT of VENfLU OXIDIZER 
•LIGHT op OXIDIZER RESERVE 
■QTAL OXIOIZER SYSTEM WEIGHT 

W-IGhT of non-structural oxid tank 

WT. OF SECONDARY OX I D TANK AND SYSTEM 
total weight OF OXIDIZER 
WEIGHT OF TRAPPc.0 OX I D I ZER 

total weight of propellant 
TOTAL weight of PASSENGERS 

»otal payload weight 

WEIGHT OF CREW»GEAR AND CREW LIFE SUPT# 
TOTAL WT# OF PRIME POWER SOURCE -*• TANK 
WEIGHT OF PRIME POWER SOURCE PROPEELAN 
WT • OF reserve power SOURCE PROPELLANT 
WEIGHT OF PRIME POWER SOURCE TANKAGE 
WEIGHT OF personnel PROV J Si' 
te^ElGHT OF pre-ignition L'N^SES 

total weight of propulsion group 

WEIGHT OF PRtSSURl ZA'^'ON SYSTEM 
total WT# OF FUEL TANK REFUELING SYST# 
total WEIGHT OF RESIDUALS 
lOTAL WEIGHT OF PROPELLANT RESERVES 
total fuel TANK BAY SEALING WEIGHT 
total WEIGHT OF BODY SECONDARY STRUCT# 
WEIGHT OF PRIME POWER SOURCE + DIST# 

OF TRAPPtU OXIDIZER 
‘HEIGHT OF ENGUt GIMBAL SYSTEM 

tota(. weight of aerodynamic 

NET STAGE WEIGHT 

total. WEIGHT OF THRUST S7RUCTURE 

take-off weight 

IGTal wr. OF INDUCED ENVIR* PROTECTION 
rOTAC VERTICAL FIN WEIGHT 


SURFACES 


LbS 

4# i • 1 

LS LbS 

4# 1 #Z 

LbS 

1 3 • I • J 

YS LbS 

4# 1 #4 

LbS 

b# 1 #9 

LbS 

13# I #4 

LbS 

13# 1 #3 

LbS 

1 3 • I # Z 

r • LbS 

6# 1#S 

LbS/FTZ 

14# 1#3 

LbS 

13# 1 #b 

— 

LbS 

13.1,6 

LbS 

13. 1 .a 

LbS 

X 3 • 1 • b 

" 

LbS 

X 3# X • b 

LbS 

13# X #7 

LbS 

X 3 • X • 3 

LbS 

X 3# X • Z 

LbS 

b# X #7 

LbS 

5# X #3 

LBS 

5#X#4 

LbS 

13# X#7 

LbS 

X 3 # 1 • X 

LbS 

13.1,7 

LtiS 

x<e# 1 • 1 

LbS 

X • 1 

» LbS 

1 1 • 1 # 1 

Los 

7# X • 1 

' LbS 

13# X #3 

LbS 

13# X ,Z 

LbS 

7#1#1 

LbS 

9#i#l 

LbS 

13#1#7 

LbS 

S«X #10 

LbS 

b# X #d 

LbS 

5#X#X0 

LBS 

X3#1#X 

LbS 

X3#1#Z 

LbS 

b# X#X0 

LbS 

2#X#4 

LbS 

7#1#X 

Lbs 

13# X # X 

LbS 

6#X # X 

LBS 

X#X#4 

LbS 

13# X#9 

LbS 

2# X#S 

ubS 

X3# X#9 

LbS 

3#X 

LbS 

X«X #Z 
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TER^S ^COUl) 


V i I T 
■ ^ I i 

w A I 7 
aAIT 

#i e. T 

*INO 


DESCRIPTiON 


UNITS REF. SECTION 


r'-’-iinON WEIGHT 
TAKt-OFF weight 
3UKN0UT WEIGHT 
initial ORbIT WEIGHT 
initial entry WEIGHT 
let initial flyback WEIGHT 
i7) landing WEIGHT 

iN^yDUESIGN WT. FOR wiNG LOADING OR AREA 

operating weight empty 
TuTAL structural wing weight 
ZERO Fuel weight 


LBS 

13.1.10 

LBS 

13.1.10 

LBS 

13.1.10 

LBS 

13.1.10 

LBS 

13.1.10 

LBS 

13.1.10 

LBS 

13.1..0 

LBS 

1<».1.3 

LBS 

13.1.9 

LBS 

1.1.1 

LBS 

13.1.9 
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